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TREFACE 

My friend Dr. Lea and I liave undertaken a 
task of <^reat diHieulty. 

The progress whieh has taken place in science 
and in education since tlie last revision of this work 
has nuidered it desirable to make considerable 
changes and additions in ordiu- to maintain for the 
book th(‘ useful ru^ss which has Ix^en for so long 
a time its conspicuous feature. 

At the same tinu^ a pious feeling has led us to 
preserve as far as possible the original author's own 
form of exposition, and indeed his own words. 
We have done our best to secure both of tliese 
ends. 

0 

Although I .share with *01*. Lea the responsibility 
f»f a*ll tlu clianges which have been made, the main 
labour has falhm on him ; and I may say that both 
his larger and my smaller share in the work have 



VI P^KFACK 

be^^truly labours of love, sniall tribuf^Tof aftcciion 
to the master who is no more. 

We take this opportunity of (‘xpnssini^^ our 
thanks to Professor Schafer for permission to co]>y 
several figures in Qnain's Att((fom^; to I\lr. W. t>. 
Hardy for hhs help in reading the whole book in 
proof, and in preparing many of th(‘ nvw figures ; 
and to Dr. W. Jl. Rivers for revising the proofs of 
Lessons YllL, IX. and X. 

M. FOSTER. 

Septemher, 185)9. 
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IN 

ELEMENTARY PHYSlOLOCiY 


LKSSON I 

A GENERAL VIEW OF THE STRUCTURE AND 
FUNCTIONS OF THE HUMAN BODY 

1. The Work of the Body as a whole. 'I’hc ijodv uf 
a, mail [icrforms a i^roai divci’Mty of actions, some 

of wliich arc <juitc obvious ; others rc<|uirc more or less 
Nwareful observation ; and yet others can l)e deiticted only 
by the employment of the most delicate ap])liances of 
science. 

Thus, some [)arb of tlie body of a living man is plainly 
always in*motion. Even in sleej), when the limbs, liead, 
and eyelic^s may be still, the incessant rise and fall of the 
chest continue to remind ns that we are viewing slumber 
and not death. 

More careful observation, however, is needed to detect 
the motion of the heart ; or the pulsation of the arteries ; 
or the changes in the size of the pu[)il of the eye with 
varying light ; or to ascertain that the air which is breathed 

IE B 2 
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out (>f the body is liotter and daiuper tliaii tlio air uhieh 
is taken in by ])reat]iini^. 

And histly ; whon we. try to asc<‘i'lain what- happens in 
the eye wlien that organ is adjusted to diti'ei'eut distanees ; 
or what in a nerve wlien it is excited; or of what materials 
desh and blood are made ; or in viitue <»f w liat meehaiiisju 
it IS tliat a sudden pain makes one start wt; have t-o (;all 
into o])eration all the methods of induetixe ajid deductive 
logic ; all the resom-ces of physics and chemistry ; and all 
the delicacies of the art of e\]>eriment. 

ddie sum of the facts and generalizations at which we 
arrive ]>y these various inodes of impiiiy, be they simjihc 
or be they retiiusl, (smcerning (he actions of the b<Kly and 
the manner in which those actions are bi’ought- about, con- 
stitutes the science of Human Idiysiology. An elementary 
outline of this science, and of so much anatomy as is inci- 
dentally necessary, is the subject of the following Lessons ; 
<»f wliich we shall devote the jn'estait to an account of so 
much of the structure and such of the actions (oi-, as they 
are technically called, functions ”) of the body, as can be 
ascertaiiuMl by easy observati(»n ; or might be so ascer- 
tained if the bodies of men were as e.asily procured, exa 
mined, and subjected t(» experiment, as tlmse of animals. 

Su]>}>ose a chamber with walls of ice, through which a 
current (»f pure ice-cold air ])asses ; the walls of the cham- 
ber w ill of course remain uniiiclted. 

Now, having w'cighed a liealthy living man wuth great 
care, let him walk up and down tlie chamber foi’ an hour. 
In doing this he will t)bYiously do a considerable amount 
of wank and use up a prop(»rtionate (juantity df energy ; 
as much, at least, as would be re(j|uired to lift his wunght 
as high and as often as lie has i-?«fsed himself a,t every stej). 
Rut, in addition, a certain (]uaiitity of the ice will be 
melted, or converted into water ; showing that the man 
has given off heat in abundance. Furthermore, if the air 
which enters the chamber be made to pass through lime- 
water, it will cause no cloudy white precipitate of car- 



\\(mK AND WASTE 


] 


IxHi.ile uf lime, IxTaiise the quantity of carbonie acid ^ in 
oidiiiavyair is so small as to b(‘ ina]>j>reciable in this way. 
^ l»ut. if the air wliich passes out is made to take the same 
course, the lime-water will soon bc'come milky, from the 
precipitation of carbonate <tf lime, sliowim^ the ])resence 
of. carboni(^ acid, which, like fhe heat, is (riven oil’ by the 
mail. 

Again, even if the air be quite dry as it enters the cliam- 
b(‘r (and the chamber be lined with some* matiu'ial so as t(» 
shut out all vapruirfrom the melting ice walls), that which 
is breathed out of the man, and that which is given off 
fi'om his skin, will (>\hibi1 clouds of vapour ; which vajiour, 
thm*efor(\ is dmived from the body. 

After th(' exjiirntion of the hour during which the ex- 
periment has la.sted, let the man be released and Aveighed 
once more, lie will lie found to liave lost weiglit. 

Tlius a lii irig, adive man, constantly does mechanical 
work, gives off heat, evolves carbonic acid and 
water, and und('rg()es a loss of substance. 

Plainly, this state of tidngs could not continue for an 
unlimited ]>erio<l, or tlie man would dwindle to nothing, 
lint long before tlu' (.‘th'cts of this gradual diminution of 
substance iHHxmie ap])arent to a bystander, they are felt 
by the snbjcat of the experiment in the form of tlu‘ two 
imperious sensations called hungiT and thirst. To still 
•these cravings, to restoj'c the weight of the body to its 
former amount, to enable it to continue giving out heat, 
water, and carbonic acid, at the same rate, for an indelinite 
period, it is absolutely necessary that, the body should lx‘ 
su])])lied with each of three thiugs, and Avith three only. 
Tht'se arcf firstly, fresh air; secondly, drink consisting 
of water in some shape orT)ther, hoAvever much it may fie 
aibdterated ; thirdly, food. That eomjiound known to 

' n.v “ 1‘jivlKniic acid" \v«; iiieau “carlxniic aci<l g.is." Tlii'^ sliould in 
strictness bo c.illod carbon dioxide ((’(b). carbonic aci<l being tbc com- 
ixiiind of this with water, lint fur sjnu)]icity’s .s.tko, and 

Itocause tlie cxpresBi«»n “ carhunic acid” is in general use and is 
, generally undei’slood to stand h^r carbon diuxide, wo shall use it 
tbruuglioiit this hook. 
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chemists as proteid matter (Lesson ITT.), ami which con- 
tains carbon, liydrogen, oxygen, and nitrogen, must form a 
part of this food, if it is to sustain life iiidetinitely ; and 
fatty, sbircliy, or saccharine, ?'.c. carboliydra,te matt(‘rs, 
together with a certain amount of salts, ought to be 
contained in the food, if it is to sustain life conveniently. 

A certain proportion (d the matter taken in as food 
(utluu- cannot be, or at any rate is not, used ; and leaves 
the body, as fxrreuHnitifions having simply ])assed 

through the alimentary canal without undergoing much 
change, and without ever being incoi‘]K>rated into the 
actual substance of the body. Hut, under lu'althy con- 
ditions, and when only so mneh food as is lU'cessary is 
taken, no important proportion of either prot eid matter, 
or fat, or starchy or saccharine food, passes out of the 
body as such. Almost all real food ultimately leaves the 
body as waste in the form either of water, or of 
carbonic acid, or of a third substance called urea, or 
of cei tain saline com])ounds or salts. 

Lhemists have di'termimul that these products which arc 
thrown out of the body and are called excretions, con- 
tain if taken altogether, far more oxygen than the food 
and ’Water taken into the body. Now, the only possibit' 
source whence the body can obtain oxygen, exce]>t from 
food and water, is the air wdiich surrounds it.^ And care 
ful investigation of the air wdiich leaves the chamlier ii. 
the imaginary exiierirnent described above would show, 
not only that it has gained carbonic acid from the man, 
l)ut that it has lost oxifffpu in ecjual.or rather greater 
amount to him. * 

Thus, if a man is neither gaining nor losing w^eight, the 
sum of the w^eights of all the sifiistances above enumeraiial 
which leave the body ought to be exactly eipial to the 

^ Fresh country air contains in every 100 parts ne:irly 21 of (•xygeii and 
70 of nitrogen gas, together witli a small fraction of a i)art (MU) of car- 
bonic acid, and a variable quantity of watery vapour, 'tlic vi « mtlv dis- 
covered constitnent of the atmusjdiere, argon, is licre l.-'iicd in vvilli 
the nitugen. (See Lesson IV.) 
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weii;lit of the food and water which enter it, together with 
that of tin' oxygen whicli it absorbs from the air. And 
this is proved to be tlie case. 

Hence it follows that a man in health, and “neither 
gaining nor losing flesh,” is oxidating and 

wasting away, and period {r<tU}f making good the loss. 
So that if, in his average condition, he could be confined 
in the scale-pan ol a delicate spring balance, like that 
used foi* weighing letters, the scale-j)an would descend at 
every meal, and ascend in the intervals, oscillating to 
e({ual distances on each side of the average position, 
which wftuld never be maintained for longer than a few 
minutes. There is, tliendore, no such thing as a sta- 
tionary condition of the weight of the body, and what we 
call such is simply a condition of variation within narrow 
limits - a condition in which the gains and losses of the 
numerous daily transactions of the economy balance one 
aaiother. 

Su]>pose this diurnally-bidanced ])hysiological state to 
he veachcvl, it can be maintained oidy S(» long as the (pian- 
tity of the mechanical work done, and of heat, or other 
force (evolved, remains absolutely unchanged. 

Let such a ])hysiologically-balanci‘d man lift a heavy 
body from the gi’ound, and the loss of weight which he 
would have undergone without that, exertion will be in- 
r eased by a definite amount, which cannot be made good 
unless a pro])ortionaie amount of extra, food be supplied 
to him. Lot the temperature of the surrounding air fall, 
and the same result will occur, if his body remains as 
wai'in as f)efore. 

On the^dher hand, diminish his exertion and lower his 
])rod notion of heat, and either ho w ill gain w eight, (U* 
s<^me of his food will remain unused. 

Thus, in a pro])erly nourished man, a stream (»f food is 
constantly entering the body in the shape of complex 
compounds containing comparatively little oxygen ; as 
constantly, the elements of the food (wlu'ther before or 
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after they have formed part of the living substance) are 
leaving the body, combined with more oxygon. And the 
incessant breaking down and oxidation of tlie comjdoxr 
compounds which enter the bwly are definitely proj)or- 
tioned to the aiiKuint of energy the body gives out, whether 
in the shape of heat or otherwise ; just in the same way .as 
the amount of work to be got out of a steam-engine, and 
the amount of heat it and its furnace give ofi‘, bear a strict 
j)roportion to its consumption r>f fuel. 

From these general considerations regarding tlie nature 
of life, considered as pliysiological work, we may turn for 
the purpose of taking a lik(i broad survey of the apparatus 
which does the work. We have seen tlie general per- 
formance of the engine, we may now look at its build. 

2. The General Build of the Body. —The human l)ody 
is obviously separal)le into head, trunk, and limbs. 
In the head, the bi*ain-case or skull is distinguishable 
from the face, 'riie trunk is naturally divided into tlu^ 
chest or thorax, and the belly or abdomen. ( )f the 
limbs there are two ])airs — the u])per, or arms, and the 
lower, or legs ; and legs and arms again are subdivided 
by tlieir joints into parts which obviously exhibit a rough 
correspondence —thigh and upper arm, leg and fore- 
arm, ankle and wrist, fingers and toes, i)lainly 
answering to one another. And the t\vo last, in fact, are 
so similar that they receive the same name of digits > 
while the several joints of the finge-rs and toes have the 
common denomination of phalanges. 

The whole body thus composed (without the viscera or 
organs which till the cavities of the trunk) is s6en to be 
bilaterally symmetrical ; that is to say, if it ^ere split 
lengthw^ays by a great knife, which should bo made to 
pass along the middle line of both the dorsal and ventral 
(or back and front) aspects, the tw'o halves would almost 
exactly resemble one another. 

One-half of the body, divided in the manner described 
(Fig. 1, A), would exhibit in the trunk, the cut faces of 
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thirty-three l)ones, joined together by a very strong and 
tough substance into a long column, which lies much 
Xuvirer the dorml (or ))ack) than the ventral (or front) 
as[)ect of tlie body. Tlie bones thus cut through are 
caiknl the hodies of the vertebrae.* They separate a 
long, narrow canal, called the spinal canal, which is 
placed upon their dorsal side, from the sj)acious chamber 
of the chest and abdomen, which lies u]X)n their ventral 
side. There is no direct communication between the 
dorsal canal and the ventral cavity. 

d’he spinal canal contains a long white cord — the spinal 
cord— which is an important part of the nervous system. 
The ventral chamber is divided into the two subordinate 
cavities of the thorax and abdomen by a remarkable, 
])art]y tiosby and partly membranous, partition, the dia- 
phragm (Fig. 1, 7>), which is concave towards the abdo- 
men, and convex towards the thorax. The alimentary 
canal (Fig. 1, yl/.) traverses these cavities from one end 
to the other, juercing the diaphragm. So does a long 
double series of distinct masses of nervous substance, 
which are called ganglia, are connected together by 
nervous cords, and constitute the so-called sympathetic 
system (Fig. 1, The abdomen contains, in 

addition to these ])arts, the two kidneys, one placed 
against each side of the vertebral column and connected 
•^.ach by a tube, the ureter, to a muscular bag, the 
bladder lying at the bottom of the abdomen ; the liver, 
the pancreas or ‘ ' sweetbread ” and the spleen. The 
thorax incloses, besides its segment of the alimentary 
canal and* of the sym})athetic, the heart and the two 
lungs. Tl^e latter are jdaced one on each side of the heart, 
which lies nearly in the middle of the thorax. 

^Where the body is succeeded by the head, the u])per- 
most of the thirty -three vertebral bodies is followed by a 
continuous mass of bone, which extends through the whole 
length of the head, and, like the spinal column, separates 
a dorsal chambei’ from a ventral one. The dorsal chamber, 
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or cavity of the skull, opens into the spinal canal. It 
contains a mass of nervous matter callwl the brain, which 
is continuous witli the spinal cord, the brain and tin? 
spinal cord together ccmstituting what is termed the 
cerebro-spinal system (Fig. ], O.S., O.S.). The 
ventral chamber, or cavity of the face, is almost enti^xdy 
occupied by the mouth and pharynx, into wliich last 
the u])per end of the alimentary canal (called gullet or 
oesophagus) opens. 

Thus, the study of a longitudinal section sliows us 
that the human body is a double tid)e, the two tubes being 
com])letely separated by the spinal column and the bony 
axis of the skull, which form the floor of the one tube and 
the roof of the other. The dorsal tube cr)ntains the cere- 
bro-sy>inal axis ; the ventral tube contains the alimentary 
canal, the symy)athetic nervous system, the heart, and the 
lungs, ))esides other organs. 

Ih’ansverse sections, taken perpendicularly to the axis 
of the veatebral column, or to that of the skull, shoAV still 
more, clearly that this is the fundamental structure of the 
human body, and that the great aj)parent difference be- 
tween the head and the trunk is due Ur the different size 
of the dorsal cavity relatively to the ventral. In the head 
the former cavity is very large in ]n-o[)ortion to the size of 
t he latttn* (Fig. 1, B) ; in the thorax, or abdomen it is 
very small (Fig. 1, C). , 

The limbs contain no such chambers as are found in 
the body and the head ; but with the exception of certain 
branching tubes filled with Huid, which are called blood- 
vessels and lymphatics, are solid or .femi-s(»lid, 
throughout. 

3. The Tissues generally.c-Such being the general 
character and arrangement of the y)arts of the human 
body, it will next be well to consider into what constitu- 
ents it may be separated by the aid of no better means of 
discrimination than the eye and the anatomist’s knife. 

With no more elaborate aids than these, it becomes 
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A. A diagrammatic section the human body taken vertically 
through the median plane. C.ti. the cerchro-Hpinal nervous system ; 
A", the cavity of the nose ; 3/, tliat «)f the mouth ; Jl. A! . the alimentary 
canal represented as a simple stmight tube ; //, the heart ; />, tlie dia- 
]»ln'agm; (S'//, the sympathetic ganglia. 

li. A transverse vertical section of the head taken along the lino a h ; 
letters as before. 

C. A transverse section taken along the line c 0 ; letters as before. 



12 


ELEMENTARY PHYSIO LCKJY 


LESS. 


easy to separate that tough membrane which invests the 
whole bod 3^, and is called the skin, or integument, 
from the parts which lie beneath it. Furthermore, it iff 
readily enough ascertained that this integument consists 
of two portions : a superficial layer, which is cfnistantly 
being shed in the fcuan of j)owder or scales composed of 
minute })articles of horny matter, and is called the 
epidermis ; and the deeper f)art, the dermis, which 
is dense and fibrous (Lesson Y.). The epidermis, if 
wounded, neither gives rise to pain nor bleeds. Tlu' 
dermis, under like circumstances, is very tendei*, and 
I deeds freely. A practical distinction is drawn betw(‘en 
the two in shaving, in the course of which operation the 
razor ought to cut only epidermic structures ; for if it g( > 
a shade deej)er, it gives rise to pain and bleeding. 

The skin can be readily enough removed from all ])arts 
of the exterioi’, but at the margins of the apertures of tlie 
])ody it seems to stop, and to be rejdaced by a layer 
whicli is much redder, more sensitive, bleeds more i*eadily, 
and which keeps itself continually moist by giving out a 
more or less tenacious fluid, called mucus. Hence, at 
these a{)ertures, the skin is said to stop, and to be re- 
placed by mucous membrane, which lines all those 
interior cavities, such as the alimentai’y canal, into which 
the apertures open. But, in truth, the skin does not 
really come to an end at these points, but is directly" coi¥ « 
tinned into the mucous membrane, which last is simjdy 
an integument of greater delicacy, but consisting funda- 
mentally of tlie same two layers — a deex), fibrous la^^er, 
containing blood-vessels, and a superficial blo?)dless one, 
now called the epithelium. Thus every yurt of the 
body might be said to be confirmed between the walls of 
a double bag, formed by the epidermis, which invests Bie' 
outside of the body, and the epithelium, its continuation, 
vdiich lines the alimentary canal. 

The dermis, and the deep, sanguine layer, which answers 
to it in the mucous membranes, are chiefly made up of 
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;i tilaiiientous substance, wliich yields abundant gelatine 
on being boiled, and is the matter wliich tans when hide is 
matle into leather. I'liis is called connective tissue,^ 
because it is the great connecting medium by which the 
diderent ]>arts of the body are held togetlier. Thus it 
passes from tlie dei-mis between all the other organs, en- 
slieatliing the muscles, coating the bones and cartilages, 
and eventually reacliing and entering into the mucous 
membranes. And so completely and tlioi'oughly does the 
connective tissue permeate alnuKst all parts of the body, 
that if every other tissue could be dissected away, a com- 
plete model of all the organs Avould be left composed of this 
tissue. Connective tissue varies very much in character ; 
ill some places being very soft and tender, at others -as in 
the tendons and ligaments, which are almost wholly com- 
[)osed of it — attaining great strength and density. 

Among the most important of the tissues imbedded in 
and eiisheathed by the connective tissue, are some the 
[)resence and action of which can be readily determined 
during life. 

If the upper arm of a man whose arm is stretched out 
be lightly grasped by another person, the latter, as the 
h»rmer bends u}) his fore-arm, will feel a great soft mass 
which lies at the fore part of the u})per arm, swell, harden, 
and become iirominent. As the arm is extended again, 
swelling and hardness vanish. 

On removing the shin, the body which thus changes its 
configuration is found to be a mass of red flesh, sheathed 
in connective tissue. The sheath is continued at each 
end into a fendon, by which the muscle is attached, on 
the one han^I, to the shoulder-bone, and, on the other, to 
one of the bones of the foi’^-arm. This mass of flesh is 
ihe^muscle called biceps^ and it has the peculiar pro- 
perty of changing its dimensions — shortening and be- 
coming thick in proportion to its decrease in length — when 

1 Every such coiislitueut of the body, as epidermis, cartilage, or 
•muscle, is called a “ tissue.” (See Lesson XII.) 
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influenced by tlie will as well as by some other causes, 
called stimuli, and of returning to its original form when 
let alone. This temporary change in the dimensions of a 
muscle, this shortening and thickening, is spoken of as 
its contraction. It is by reason <>f tliis propei ty that 
muscular tissue })ecomes the great motor agent of the body ; 
the muscles being so disposed between the systems of 
levers which sup})ort the body, that their contraction 
necessitates the motion of one lever upon another. 

4. The Skeleton.- -These levers form part of tlie 
system of hard tissues which constitute the skeleton. 
The less hard of these are tlie cartilages, composed <if 
a dense, linn substance, ordinarily known as ‘‘gristle.” 
The harder are tiie bones, which are masses of tissue, 
hardened by being impregnated with phosphate and 
carbonate of lime. They are animal tissues which 
have become, in a manner, naturally i)ctrificd ; and when 
the salts of lime are extracted, as they may be, by the 
action of acids, a model of the bone in soft and flexilde 
animal matter remains. 

More than 200 separate lames are ordinarily I’eckoned 
in the human body, though the actual number of distinct 
bones varies at different periods of life, many bones which 
are se[)arate in youth becoming united together in ol^|)|ge. 
Thus there are originally, as we have seen, thirty-Hiree 
separate bodies of vertebrm in the spinal column, and tl»i» 
upper twenty-four ' of these commonly remain distinct 
throughout life. But the twenty-fifth, twenty-sixth, twenty- 
seventh, twenty -eighth, and twenty-ninth early unite into 
one great bone, called the sacrum ; and the fbur remain- 
ing vertebrm often run into one bony called the 

coccyx. • 

In early adult life, the skull contains twenty- two’ 
naturally separate bones, but in youth the number is 
much greater, and in old age far less. 

Twenty-four ribs bound the chest laterally, twelve on 
each side, and most of them are connected by cartilages with 
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the breast-bone or sternum (see Lesson IV.). In the 
girdle wliich supports the shoulder, two bones are always 
distinguishable as the scapula and the clavicle. d^Iie 
pelvis, to which the legs are attached, consists of two 
se}»arate bones called the ossa innominata in the adult ; 
but each os innomiuatinn is separable into three (called 
pubis, ischium, and ilium) in the young. 



f, frciiital bone ; p, parietal ; o, occipital ; a, wing of sphenoid ; -s, flat 
part of temporal ; r, st, other parts of temporal ; au, <fpening of ear 
or external auditory canal ; z, process of temporal i:)as8ing to j, the check 
bone ; mx, the upi)er jaw bone ; n, nasal bone ; lacryr%il ; -pt, jiart of 
sphenoid. The lower jaw bone is (^awn downwards ; cy, its process 
which articulates with the temporal ; cr, its process to which muscles of 
mastication are attached ; th, ty^ hyoid bone. 


There are thirty bones in each of the arms, and the 
same number in each of the legs, counting the patella, 
or knee-pan. 
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All these bones are fastened together by ligaments, or 
by cartilages ; and where they play freely over one 
another, a coat of cartilage furnishes the surfaces which 
come into contact. The cartilages which thus form part 
of a joint are called articular cartilages, and their free 
surfaces, by which they rub against each other, are lined 
by a delicate S3movial membrane, which secretes a lubri- 
cating fluid — the synovia. 



Flo. 4 .— The Pelvis. 

Sac. sacrum ; Coer, coccyx; if, P^y ilium, ischium, pubis, three parts 
of the innominate or hip bone ; acet, acetabulum cup for head of femur ; 

L. V, 5th lumbar vertclira. 

5. The £rect Position. -^Though the bones of the skele- 
ton are all strongly enough connected together by ligaments 
aifii cartilages, the joints play so freely, and the centre of 
gravity of the body, when erect, is so high up, that it is im- 
possible to make a skeleton or a dead body support itself 
in the upright position. That position, easy as it seems, is the 
result of the contraction of a multitude of muscles which 


C 



.zmt 



Fin. 5 . — The Bones of the Limbs. Front View, IjEFt Limbs. 


A, the innominate andlxnie.sof the leg; inn, innominate; fern, femur; 
pat, patella or knee-cap ; tlh, tibia ; jlh, fibula ; twr, (seven) tarsal bones ; 
'nietat, (five) metatarsal bones ; phi, (fourteen) phalanges ; B, the scapula, 
tlaviclo, and bones of the arm ; cl, clavicle or collar bone ; scap, scapula 
or shoulder bone ; Jnmi, humerus ; rad, radius ; tUu, ulna ; car, (eight) 
carpal bones ; victac, (five) metacarpal bones ; phi, (fourteen) phalanges. 
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oppose and balance one another. Thus, the foot affording 
the surface of support, the muscles of the calf (Fig. 6, 1) 



Fig. 6. — A Diagram illustratinQ the Attachments of some of the 

MCM3T IMPORTANT MllSrLE.S WHICH KEEP THE BODY IN THE ERECT 

• Posture. 

I. The muscles of the calf. II. Those of the hack of the thigh. III. 
Those of the spine. These tend to keep the body from falling forward. 

1. The muscles of the front of the leg. 2. Tliosc of the front of the 
thigh. 8. Those of the front of the abdomen. 4 , r>. Those of the front 
of the neck. Those tend to keep the body from falling backwards. Tlio 
arrows indicate the direction of action of the muscles, the foot being 
fixed. 
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must contract, or the legs and body would fall forward. 
But this action tends to bend the leg ; and to neutralise 
this and keep the leg straight, the great muscles in front 
of the thigh (Fig. 6, 2) must come into play. But these, 
by the same action, tend to l)end the body forward on the 
legs ; and if the body is to be kept straight, they must be 
neutralised by the action of the muscles of the buttocks 
and of the back (Fig. 0, III). 

The erect position, then, which we assume so easily and 
without thinking about it, is the result of the combined 
and accurately proportioned action of a vast number of 
muscles. What is it that makes them work togethei' in 
this way ? 

Let any person in the erect position receive a violent 
blow on the head, and you know what occurs. On the 
instant he drops prostrate, in a iieap, with his limbs re- 
laxed and powerless. What has happened to him ? The 
blow may have been so inflicted as not to touch a single 
muscle of the body ; it may not cause tlie loss of a droj) 
of blood ; and, indeed, if the “concussion,” as it is called, 
has not been too severe, the suflerer, after a few' moments 
of unconsciousness, will come to himself, and be as w'ell 
as ever again. Clearly, therefore, no permanent injury 
has been done to any part of the body, least of all to the 
muscles, but an influence has been exerted u])on a some- 
thing which governs the muscles. And a similar influencc^— 
may be the effect of very subtle causes. A strong mental 
emotion, and even a very bad smell, will, in some people, 
])roduce the same effect as a bh>w. 

These observations might lead to the conclusion tliat it 
is the mind which directly governs the muscles, but a 
little further inquiry will shoW that such is not the case. 
For people have been so stabbed, or shot in the back, /is 
to cut the spinal cord, wdtliout any considerable injury 
to other parts : and then they have lost the power of stand- 
ing upright as much as before, though their minds may 
have remained perfectly clear. And not only have they 
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lost the power of standing upright under these circum- 
stances, but they no longer retain any power of either feel- 
ing what is going on in their legs, or, by an act of their 
own will, causing motion in them. 

And yet, thougli the mind is tlnis cut off from the lower 
limbs, a controlling and governing power over them still 
remains in the body. For if the soles of the disabled feet 
be tickled, though the mind does not feel the tickling, 
the legs will be jerked up, just as would be the case in 
ail uninjured person. Again, if a series of galvanic shocks 
be sent into the spinal cord, the legs will perform move- 
ments even more powerful than those wliich the will 
could jiroduce in an uninjured person. And, finally, if the 
injury is of such a nature as not simply to divide or injure 
the spinal cord in one place only, but to crush or pro- 
foundly disorganise it altogether, all these phenomena 
cease ; tickling the soles, or sending galvanic shocks along 
the spine, will jiroduce no eflect upon the legs. 

By examinations of this kind carried still further, we 
arrive at the remarkable result that while the brain is the 
seat of all sensation and mental action, and the primary 
source of all voluntary muscular contractions, the spinal 
cord is by itself capable of receiving an impression from 
tile exterior, and converting it not only into a simple 
muscular contraction, but into a combination of such 
"actions. 

Thus, in general terms, we may say of the cerebro- 
spinal nervous centres, that they have the power, when 
they receive certain impressions from without, of giving 
rise to simple or combined muscular contractions, 

6. Sensory Organs. — But you will further note that 
these impressions from wifliout are of very diftereiit char- 
ac^^ers. Any part of the surface of the body may be so 
adected as to give rise to the sensations of contact, or of 
heat or cold ; and any or every substance is able, under 
certain circumstances, to produce these sensations. But 
only very few and comparatively small portions of the 
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bodily framework are competent to be affected, in such a 
manner as to cause the sensations of taste or of smell, of 
sight or of hearing : and only a few substances, or par- 
ticular kinds of ^'ibrations, are able so to affect those 
regions. These very limited })arts of the body, which put 
us in relation with particular kinds of substances, or forms 
of force, are what are termed sensory organs. There 
are two such organs for sight, two for hearing, two for 
smell, and one, or more strictly sj)eaking two, for taste. 

And now that we have taken this brief view of the 
structure of the body, of the organs which support it, of 
the organs which move it, and of the organs which put it 
in relation with the surrounding world, or, in other words, 
enable it to move in harmony with influences from with- 
out, we must consider the means by which all this wonder- 
ful apparatus is kept in working order. 

All work, as we have seen, implies waste. The work 
of the nervous system and that of the muscles, therefore, 
implies consumption either of their own substance, or of 
something else. And as the organism can make nothing, 
it musD possess the means of obtaining from without that 
which it wants, and of throwing oft* from itself that which 
it wastes * and we have seen that, in the gross, it does 
these things. The body feeds, and it excretes. But we 
must now pass from the broad fact to the mechanism 
by which the fact is brought about. The organs whiclr 
convert food into nutriment are the organs of alimenta- 
tion ; those which distribute nutriment all over the 
body are organs of circulation ; those whicl¥||et rid of 
the waste products are organs of excretion. 

7. Alimentary Organs. —The organs of abmentation 
are the mouth, pharynx, gullet, stomach, and intestines, 
with their appendages. What they do is, first to receive 
and grind the food. They then act upon it with chemical 
agents, of which they possess a store which is renewed as 
fast as it is used ; and in this way convert the food by 
processed of digestion into a fluid containing nutritious 
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matters in solution or suspension, and in nutritious dregs 
or faeces. 

8. Circulatory Organs.-— A system of minute tubes, 
with very thin walls, termed capillaries, is distributed 
through the whole organism except the ej)idermis and its 
products, the epithelium, the cartilages, and the sub- 
stance of the teeth. On all sides, these tubes pass into 
others, which are called arteries and veins ; while 
these, becoming larger and larger, at length ()[)en into the 
heart, an organ which, as we have seen, is placed in the 
thorax. During life, these tubes and the chambers of 
the heart, with which they arc connected, are all full of 
liquid, which is, for the most part, that red fluid with 
which we are all familiar as blood. 

The walls of the heart are muscular, and contract 
rhythmically, or at regular intervals. By means of these 
contractions the blood which its cavities contain is driven 
in jets out of these cavities, into the arteries, and thence 
into the capillaries, whence it returns by the veins back 
iilto the heart. 

This is tlie circulation of the blood. 

Now the fluid containing the dissolved or suspended 
nutritive matters which are the result of the process <.)f 
digestion, traverses the very thin layer of soft and per- 
meable tissue which separates the cavity of the alimentary 
. .canal from the cavities of the innumerable capillary vessels 
which lie in the walls f)f that canal, and so enters the 
blood, with Y^iich those capillaries are filled. Whirled 
away by the torrent of the circulation, the blood, thus 
charged Ivdth nutritive matter, enters the heart, and is 
thence propelled into the organs of the body. To these 
organs it supplies the iiut»iment with which it is charged ; 
from them it takes their waste products, and, finally, 
returns by the veins to the heart, loaded with useless and 
injurious excretions, which sooner or later take the form 
of water, carbonic acid, and urea. 

9. Excretory Organs. — These excretionary matters 
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are separated from the blood by the excretory organs, 
of which there are three — the skin, the lungs, and the 
kidneys. 

Different as these organs may be in appearance, they 
are constructed upon one and the same jirinciple. Each, 
in ultimate analysis, consists of a very thin sheet of tissue, 
like so much delicate blotting-paper, the one face of which 
is free, or lines a cavity in communication with the 
exterior of the body, while the other is in contact with 
the blood which has to be purified. 

The excreted matters are, as it were (though, as we 
shall see, in a peculiar way), strained from the blood, 
through this delicate layer of tissue, and on to its free 
surface, whence they make their escape. 

Each of these organs is especially concerned in the 
elimination of one of the chief waste j)roducts — waiter, 
carbonic acid, and urea — though it may at the same time 
be a means of escape for the others. Thus the lungs are 
especially busied in getting rid of carbonic acid, but at 
the same time they give off’ a good deal of water. The 
duty of the kidneys is to excrete urea (together with other 
substances, chiefly salts), but at the same time they pass 
away a large quantity of water and a trifling amount of 
carbonic acid ; while the skin gives off much water, some 
amount of carbonic acid, and a certain quantity of saline 
matter, among which a trace of urea may be, sometimes,, 
though very doubtfully, present. 

10. Respiratory Organs. —Finally the lungs play a 
double part, being not merely eliminators of waste, or 
excretionary products, but importers into the efionomy of 
a substance which is not exactly either food or^rink, but 
something as important as either,— to wit, oxygen. 

As the carbonic acid (and water) is passing from the 
blood through the lungs into the external air, oxygen is 
passhig from the air through the lungs into the blood, 
and IS earned, as we shall see, by the blood to all parts of 
the body. We have seen (p. 6) that the waste which 
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leaves the body cont^iiiK more oxygen than the food which 
enters the body. Indeed oxidation, the oxygen being 
supplied by the blood, is going on all over the body. 
All parts of the body are thus continually being oxidised, 
or, in other words, are continually Imriiing, some more 
rapidly and fiercely than others. And this burning, 
though it is carried on in a })eculiar manner, so as never 
to give rise to a flame, yet nevertheless produces an 
amount of heat which is as eflicient as a fire to raise the 
blood to a temperature of about 37^ C. (98^ *6 F. ) ; and this 
hot fluid, incessantly renewed in all parts of the economy 
by the torrent of the circulation, warms the body, as a 
house is warmed by a hot-water aj)paratus. N(jr is it 
alone the heat of the body which is provided by this 
oxidation ; the energy which appears in the muscular 
work done by the body has the same source. Just as the 
burning of the coal in a steam-engine supplies the motive 
power which drives the wheels, so, though in a peculiar 
way, the oxidation of the muscles (and thus ultimately of 
the food) supplies the motive power of those muscular 
contractions which carry out the movements of the body. 
The food, like coal combustible or capable of oxidation, 
is built ujj into the living body, whicli in like manner 
combustible, is continually being oxidised by the oxygen 
from the blood, thus doing work and giving out heat. 
Some of the food perhaps may be oxidised without ever 
actually forming part of the body or after it has already 
become waste matter, but this does not concern us 
now. 

11. Coorfenating Action of the Nervous System. - 

These alinUigiUiry, circulatory or distributive, excretory, 
and respiratory (oxidational)F processes would however be 
wor^e than useless if they wore not kept in strict propor- 
tion one to another. If the state of physiological balance 
i« to be maintained, not only must the quantity of aliment 
taken be at least equivalent to the quantity of matter 
•excreted ; but that aliment must be distributed with due 
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rapidity to the seat of each local waste. The circulatory 
system is the commissariat of the physiological aimy. ^ 

Again, if the body is to be maintained at a tolerably 
even temperature, while that of the air is constantly vary- 
ing, the condition of the hot-water apparatus must be 
most carefully regulated. 

In other words, a coordinating organ must be 
added to the organs already mentioned, and this is found 
in the nervous system, which not only possesses the 
function already described of enabling us to move our 
bodies and to know what is going on in the external 
world ; but makes us aware of the need of food, enables us 
to discriminate nutritious from iimutritious matters, and 
to exert the muscular actions needful for seizing, killing, 
and cooking ; guides the hand to the mouth, governs all 
the movements of the jaws and of the alimentary canal, 
and determines the due supply of the juices necessary for 
digestion. By it, the working of the heart is properly 
adjusted and the calibres of the distributing pipes are 
regulated, so as indirectly to govern the excretory and 
oxidational processes, which are also additionally and 
more directly affected by (jther actions of the nervous 
system. 

12. Life and Death.— The various functicjiis which 
have })een thus briefly indicated constitute the greater 
jjait of what are called the vital actions of the liuman 
body, and so long as they are performed, the body is said 
to possess life. The cessation of the performance of these 
functions is what is ordinarily called death. 

But there are really several kinds of death* which may, 
in the first place, be distinguished from one pother under 
the two heads of local and tjeneral death. 

(i) liocal death is going on at every moment, ai^d iii 
most, if not in all, parts of the living body. Individual 
cells of the epidermis and of the epithelium are inces- 
santly dying and being cast off, to be replaced by others 
which are, as constantly, coming into separate existence: 
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The like is true of blood-corpuscles, and probably of many 
other elements of the tissues. 

This form of local death is insensible to ourselves, and 
is essential to the due maintenance of life. But, occa- 
sionally, local death occurs on a larger scale, as the re- 
sult of injury, or as the consetpience of disease. A burn, 
for examjdo, may suddenly kill moi'e or less of the skin ; 
or part of the tissues of the skin may die, as in the case 
of >the slough which lies in the midst of a boil ; or a 
whole limb may die, and exhibit the strange phenomena 
of mortijication. 

The local death <.»f some tissues is followed by their 
regeneration. Not <mly all the forms of epidermis and 
ejjii^ielium, but nerves, connective tissue, bone, and at 
aii^ rate, some muscles, may be thus reproduced, even on 
a large scale. 

(ii) General death is of two kinds, death of the bodu as 
a idhole,^ and death of the tissues. By the former term is 
implied the absolute cessation of the functions of the brain, 
of the circulatory, and of the respiratoiy organs ; by the 
latter, the entire disappearance of the vital actions of the 
ultimate structural constituents of the body. When 
death takes place, the body, as a whole, dies first, the 
death of the tissues not occurring until after an interval, 
which is sometimes considerable. 

Hence it is that, for some little time after what is 
ordinarily called death, the muscles of an executed 
criminal may be made to contract by the application of 
pro])er stimuli. The muscles are not dead, though the 
man is. 

13. Monies of Death. — The modes in which death is 
brought about aj^pear at first sight to be extremely varied. 
'"We^ speak of natural death by old age, or by some of the 
endless forms of disease ; of violent death by starvation, 
or by the innumerable varieties of injury, or poison. 
But, ill reality, the immediate cause of death is always 
•the steppage of the functions of one of three organs ; 
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the cerebro-spinal nervuUH system, the lungs, or the heart. 
Thus, a man may he instantly killed by sueh an injury to^ 
a part of tlie bJ^^Mif^vvhicli is called tlie spinal bulb or 
medulla obloii^ata (see Lesson xr.) as may be 
produced by liaugiiig, or breaking the neck. 

Or death may be the immediate result of sullbcation l)y 
strangulation, smothering, or drowning, -or, in other 
words, of stoppage of the respiratory functions. 

Or, finally, death ensues at once when the heart ceases 
t(» propel l)lood. These three organs the I wain, tlie 
lungs, and the heart — have been fancifully termeil the 
IrIjhHl of life. 

Ill ultimate analysis, however, life has but two legs to 
stand upon, the lungs and the heart, for death through 
the brain is always the ettect t)f the secondary action of 
tlie injury to that organ ujion the lungs or the lieart. 
The functions of the brain cease, when either respiration 
or circulation is at an end. Hut if circulation and res[)ira- 
tion are kept iiji artificially, the lirain may be removed 
witliout causing death. On the other hand, if the blood 
be not aerated, its circulation by the heart cannot [ire- 
serv^e life ; and, if the circulation be at an end, mere 
ai'ration of the blood in the lungs is eipially ineffect ual for 
the prevention of death. 

With the cessation of life, the everyday forces of the 
inorganic world no longer remain the servants of the 
bodily frame, as they were during life, but become its 
masters. Oxygen, the slave of the living organism, 
becomes the lord of the dead body. Atom by atom, the 
complex molecules of the tissues are taken tS pieces and 
reduced to simpler and more oxidised substances, until 
the soft parts are dissipate<t chiefly in the form of car- 
bonic acid, ammonia, water, and soluble salts, anc^ the 
bones and teeth alone remain. Hut not even these dense 
and earthy structures are competent to offer a jjermanent 
resistance to water and air. Sooner or later the animal 
basis which holds together the earthy salts decomposes 
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and dissolves — Oie solid structures become friuble, and 
Ju'eak down into }U)\vcler. Finally, they dissolve and are 
diffused among the waters of the surface of the globe, just 
as the gaseous ]>roduets of decomposition are dissipated 
tliiaeigh its atmosphere. 

It is impo.ssit)le to follow, with any degree of certainty, 
wanderings more varied and more extensive than those 
iinagiiuHl by the ancient sages who held the doctrine of 
transmigration ; but the chances are, that sooner or later, 
some, if not all, of the scattered atoins will be gathered 
into iHuv forms of life. 

The sun’s rays, acting through the vegetable world, 
build up some (jf the wandering molecules of carbonic acid, 
of water, of ammonia, and of salts, into tlie fal)ric of 
plants. The plants are devoured by animals, animals 
devour one another, man devours both plants and (dher 
animals ; and hence it is very ])ossible that atoms wliicli 
oncc‘ formed an integral part of the busy brain of Julius 
( h‘sar may now enter into the composition of Oajsar the 
negro in Alabama, and of Omsar the house-dog in an 
English homestead. 

And thus there is sober truth in the W(^rds which 
Shakespeare puts into the mouth of Hamlet — 

“ Iui]>C‘rial dead and turned to el.iy, 

Might stojt H lukle to keep the wind away ; 

Oh that that earth, wliicli kept the world in awe, 

Shc*uld pateh a wall, to ex]*el the winter's Haw ! ” 



LESSON IT 

THE ORGANS OF CIRCULATION 

Pakt L— The Blood Vascular System and the 
Circulation 

1. The Capillaries. - Almost all parts of the body are 
vase) liar ; that is to say, they are traversed by minute and 
very close-set canals, which open into one another so as tu 
constitute a small-meshed network, and confer upon these 
parts a sf)ongy texture. The canals, or rather tubes, are 
provided with distinct but very delicate walls, composed of 
what at first sight appears to be a structureless membrane, 




Fig. 7.~Capillaiiie8, 


A, surface view ; B, cut lengthwise ; C, cut across ; c.c, endothelial cells : 

nuclei ; d, the lumen or bore. ' 
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but is in reality formed of a number of thin scales, called 
“cells,” cement»ed together at their edges (Fig. 7, A, e.c) ; 
in each of these cells lies a small oval body (Fig. 7, n), 
termed a nucleus. 

These tubes are the blood capillaries. They vary in 
diameter from 14 /x to 10 fi to f of an inch)^ ; 

they are sojiictimes disposed in loops, sometimes in long, 
sometimes in wide, sometimes in narrow meshes ; and the 
diameters of these meshas, or, in other words, the inter- 
spaces between the capillaries, are sometimes hardly wider 
than the diameter of a capillary, sometimes many times as 
wide (see Figs. 25, 39, 58, and 64). These interspaces are 
occupied by the substance of the tissue which the cajnllaries 
j)ermeate, so that the ultimate anatomical components of 
every part of the body are, strictly speaking, outside the 
vessels, or exfm-vasmdar. 

But there are certain parts of the body in which these 
blood -capillaries are absent. These are the epidermis 
and epithelium, the nails and hairs, the substance of the 
tcieth, and to a certain extent the cartilages ami the trans- 
parent coat (cornea) of the eye in front ; which may 
and do attain a very considerable thickness or length, and 
. yet contain no blocxl-vessels. However, since we have seen 
that all the tissues are really extra- vascular, these differ 
only in degree from the rest. The circumstance that all 
the tissues are outside the vessels by no means interferes 
w ith their being bathed by the fluid which is inside the 
vessels. In fact, the walls of the capillaries are so ex- 
ceedingly thin tliat their fluid contents readily exude 
through the'^delicate membrane of w hich they are com- 
posed, and ii'jigate the tissues in which they lie. 

I 2. The Arteries and Veins. — The capillary tubes so 
^r described conbiin, during life, the red fluid, blood, 
find are continued on opposite sides, into somewhat larger 

I ] The or(iinaiil5>^ aaed \iuit of InstologicjU measiireioent is of a 

piillimoter, and is nsually represented by the Greek letter n, which 
plands for micro-millimeter. Since one millimeter is very nearl>' A of 
p inch ^ = of an inch. 
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tubes, with thicker walls, which are the smallest arteries, 
on the one side and veins on the other, and these again 
join on to larger arteries and veins, which ultimately com- 
inimicate by a few ]>rincipal arterial and venous trunks 
with the heart. 

The mere fact that the walls of these vessels are thicker 
ihan those of the capillaries constitutes an important 
difference between the capillaries and the small arteries 
and veins ; for the walls of the latter are thus rendered 
far less permeable to iiuids, and that thorough irrigation 
()f the tissues, which is effected by the capillaries, cannot 
he performed by them. 

The most important difference between these vessels 
and the capillaries, however, lies in the circumstance that 
their walls are not only thickex’, but also more complex, 
being comj)osed of several coats, one, at least, of which 
is muscular. The number, arrangement, and even nature 
of these coats differ according to the size of the vessels, 
and are not the same in tlie veins as in the arteries, though 
the smallest veins and arteries tend to resemble each 
other. 

(i) The Structure of an Artery. — If we take one of the 

smallest arteries, we find, first, a very delicate lining of cells 
constituting a sort of epithelium continuous with the cells 
which form the entire thickness of the wall of the capillaries. 
Outside this comes the muscular coat, consisting of a thin 
layer of muscle-fibres of the kind called plain or non- 
striated (see Lesson Yll.), made up of flattened spindle- 
shaped cells with an elongated nucleus, wrapped round 
the vessel at right angles to its length, flutside this 
muscular coat is a thin layer of fibrous conpective tissue 
intennixed with a variable amount of fibres of elastic tissue 
(see Lesson XTL). The walls of the smallest arteries 
are thus seen to be made up essentially of three layers^ 
' the inner cellular, the middle muscular, the outer of connec- 
' tive tissue. The larger arteries are similarly composed of 
three layers or coats, which are. however, thicker and 
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1 ;v. cfi<nfhire The hmer coat now consists 

more complex m - lu . distinct and sjiecial layer 
(»f thin flattened cells lying ‘ middle coat, 

to which the thickness of the arto 

— "xSrTil’i "I 

nectivc tissue, mixed with fil.res of elastic tissue. 
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AETKHY, MACNIHMJ to 

a, opithelul bnght Itae^ 

l;S/”ftU0 nSSr c«t, will, elastic able, cut acioss. 

From the above description of the structure of an artery 
we sTe lit oLe that arteries are strong, mnscnlar and 
elastic 'fhe largest arteries are, as a rule, character 
S more elastic than the smaller, while m the latter 

the uLciSar tissue is present “ 7 "“ 

to the elastic tissue. The significance of this Merence 
will become* apparent later ^ (see pp. 62 and 65 ■ 

_ The plain muscular fibres in the artenal ^ 
tllSt same power of contraction, or shoriemng ^ 

and broadening in the narrow, v "f 

stated in the preceding Lesson, is the sp«ial 

|, muscular tissue. And when they exercise this power, y, 
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of course, narrow the calibre of the vessel, just as squeezing 
it with the hand or in any other way would do ; and this 
contraction may go so far as, in some cases, to reduce the 
cavity of the vessel almost to nothing, and to render it 
practically impervious. 

The state of contraction of these muscles of the small 
arteries is regulated, like that of other muscles, by 
their nerves ; or, in other wor4||« the nerves supplied 
to the vessels detemiine wlujdfc tluj passage througli 
these tubes should be wide anailfee, i>r narrow and ob- 
structed. Thus while the small Series lose the function, 
which the capillaries possess, of directly irrigating the 
tissues by transudation, they gain that of regulating 
the supply of fluid to the indgators or capillaries 
themselves. The contraction, or dilation, of the arteries 
which supply a set of capillaries, comes to the same result 
as lowering or raising the sluice-gates of a system of 
irrigation -canals. Thus the one great and all-important 
use of the muscular tissue of the smaller arteries is 
to determine and control the supply of blood to each part of 
the hody^ according to the varying needs of that part. 

The smaller arteries and veins severally unite into, 
or are branches of, larger arterial or venous trunks, 
which again spring from or unite into still larger ones, and 
these, at length, communicate by a few principal arterial 
and venous trunks with the heart, 

(ii) The Structure of a Vein. — The wall of a vein 
is structurally similar to that of an artery in so far that it 
consists essentially of the same three layers or coats, 
but the distinction between the middle and o^Ster coats, 
so easily made out in an artery, is usually yery obscure 
in a vein or even altogether™ wanting in some veins. 
It diflPers from that of an artery chiefly in the fact that it 
is thinner, less muscular and less elastic, and contains 
relatively more comiective tissue. Hence the walls of a 
vein collapse or fall together Vvrhen the vessel is empty, 
whereas those of an artery do not. . 
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This is one great difference between the arteries and the 
veins ; the other is the presence of what are termed 
valves in a great many of the veins, especially in those 
which lie in muscular parts of the body. They are 
absent in the largest trunks such as the superior and 
inferior vena cava, and in the smallest branches, as also 
in the portal, pulmonary, and cerebral veins, and in those 
of the bones. 



Fio. 9.— Transverse Section of an Artery and of a oorre- 
sroNDiNQ Vein. 

A, artery ; V, vein ; ec, endothelial cells ; m, muscular (middle) coat ; 
c, connective tissue (outer) coat ; n, nuclei of endothelial cells. 

These valves are pouch-like folds of the inner wall of 
the vein. The bottom of the pouch is turned towards 
mose capillaries from which the vein springs. The free 
edge of the pouch is directed the other way, or towards 
the hearth’ The action of these pouches is to impede the 
passage of^any fluid from the heart towards the capillaries, 
while they do not interfere^with fluid passing in the oppo- 
-^site direction (Fig. 10). The working of some of these 
V^ves may be very easily demonstrated in the living body. 
When the arm is bared, blue veins may be seen running 
from the hand, under the skin, to the upper arm. The 
diameter of these veins is pretty even, and diminishes 

D 2 
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regularly towards the hand, so long as the current of the 
blood, which is running in them, from the hand to the 
upper arm, is uninterrupted. 

But if a finger be pressed upon the upper part of one 
of these veins, and then passed downwards along it, so as 
to drive the blood which it contains backwards, sundry 
swellings, like little knots, will suddenly make their ap- 
pearance at several points in the length of the vein, where 
nothing of the kind was Ausible before. These swellings 
are simply dilatations of the wall of the vein, caused by 
the pressure of the blood on that wall, above a valve 
which opposes its backward progress. The moment the 
backward impulse ceases the blood flows on again ; the 



Fiq. 10.— The Valves of Veins. 


C, H, C, H, diagrammatic sections of veins with valves. In the upper 
figure the blood is supposed to be flowing in the direction of the arrow, 
towards the heart ; in the lower, back towards the capillaries ; C, capillary 
side ; H, heart side. A, a vein laid open to show a pair of pouch-shaped 
valves. 

valve, swinging back towards the wall of the vein, affords 
no obstacle to its progress, and the distention caused by 
its pressure disappears (Fig. 10). 

These valves play an important part in deteriillning the 
flow of blood along the veins from the capillaries towards 
the heart. This they do not ia virtue of any propulsive 
jx)wer of their own, bnt in response to pressure applied to 
the veins from their exterior. Such pressure tends 'to 
squeeze the blood out of that part of the vein on which it 
is brought to bear ; but since the valves only open 
towards the heart the blood is thereby driven on in the 




Fia. 11 . --Diagram of thk Heart and Vessels, with the Course of the 
C lKCUL^y iON, VIEWED FROM BEHIND, SO THAT THE PROPER I.KF'I' OF 

THE Observer corresponds with the left side of the Heart in 
THE Diagram. 

L.A. left auricle; L,V. left ventricle; Ao. aorta; A^. arteries to the 
upper part of the body ; A^. arterfts to the lower part of the body ; H. A. 
hepatic artery, which supplies the liver with part of its blood ; Fi. veins 
o^jiilie upper part of the body ; V‘^. veins of the lower part of the body ; 
r. P. vena portav, /f. P. hepatic vein ; F.P /, inferior vena cava ; V.C.S. 
superior vena cava ; R.A. right auricle ; R. V. right ventricle; P.A, pul- 
monary artery ; Lg. lung ; P. V. pulmonary vein ; Let. lacteals ; Ly. lym- 
phatics ; Th.D. thoracic duct; Al. alimentary canal; Lr. liver. The 
arrows indicate the course of the blood, lymph, and chyle. The vessels 
which contain arterial blood have dark contours, while those which 
carry venous blood have light contours. 
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desired direction. Hence it is that the valves are most 
numerous in those veins which are most subject to 
muscular pressure, such as those of the anns and legs. 

The only arteries which possess valves are the primary 
trunks — the aorta and pulmonary artery — which spring 
from the heart, but these valves, since they really belong to 
the heart, will be best considered with that organ. 

3. The General Arrangement of Blood-vessels 
in the Body. — It will now be desirable to take a general 
view of the arrangement of all these different vessels, and 
of their relations to the great central organ of the vascular 
system — the heart (Fig. 11). 

All the veins of every part of the body, except the 
lungs, the heart itself, and certain viscera of the abdomen, 
join together into larger veins, which, sooner or later, 
open into one of two great trunks (Fig. 11, V.C.S. V.C.l.) 
termed the superior and the inferior vena cava, 
which debouch into the upper or broad end of the right 
half of the heart. 

All the arteries of every part of the body, except the 
lungs, are more or less remote branches of one great 
trunk — the aorta (Fig. 11, Ao.), which springs from the 
lower division of the left half of the heart. 

The arteries of the lungs are branches of a great trunk, 
the pulmonary artery (Fig. 11, P.A, ), springing from 
the lower division of the right side of the heart. The 
veins of the lungs, on the contrary, open by four trunks 
into the upper part of the left side of the heart (Fig. 11, 
P. F.), by the pulmonary vein. 

Thus the venous trunks open into the upper«iivision of 
each half of the heart : those of the body in general into 
that of the right half, those of the lungs into that of the 
left half ; while the arterial trunks spring from the lower 
moieties of each half of the heart : that for the body- in 
general from the left side, and that for the lungs from the 
right side. 

Hence it follows that the great artery of the body, and 




Fia, 12.— Heart of Sheet, as seen after Removal from the Body, 

LYING “^‘ON THE TWO LUNGS. ThE PERICARDIUM HAS BEEN CUT AWAY, 
BUT NO OTHER DISSECTION MADE. 

aiiricftlar appendage of right auricle; L.A. auricular appendage 
of left auricle ; R. V. right ventriirie ; L. V, left ventricle ; iS. V.C. superior 
^ vena cava ; J. V.C. inferior vena cava ; r.A. pulmonary artery ; Ao, aorta ; 
innominate branch from aorta dividing into subclavian and carotid 
arteries ; Z, lung ; Tr. trachea. 1, solid cord often present, the retnnant 
of a onee open communication lietween the pulmonary artery and aorta. 
2, masses of fat at the bases of the ventricle hiding from view the greater 
part of the auricles. 3, line of fat marking the division between the 
two ventricles. 4, mass of fat covering end of trachea. 
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the great veins of the body, are connected with opposite 
sides of the heart ; and the great artery of the lungs and 
the great veins of the lungs also with opposite sides of 
that organ. On the other hand, the veins of the body 
open into the same side of the heart as the artery of the 
lungs, and the veins of the lungs open into the same side 
of the heart as the artery of the body. 

The arteries which open into the capillaries of the sub- 
stance of the heart are called coronary arteries, and 
arise, like the other arteries, from the aorta, but quite 
close to its origin, just beyond the semilunar valves. But 
the coronary vein, which is formed by the union of the 
small veins which arise from the capillaries of the heart, 
does not open into either of the vense cavye, but pours the 
blood which it contains directly into the division of the 
heart into which these vense cavm open— that is to say, 
into the right upper division (Fig. 19, 6). 

The abdominal viscera referred to above, the veins of 
which do not take the usual course, are the stomach, the 
intestines, the spleen, and the pancreas. These veins all 
combine into a single trunk, which is termed the portal 
vein (Fig. 11, F.P.), but this trunk does not open into 
the inferior vena cava. On the contrarjq having reached 
the liver, it enters the substance of that organ, and breaks 
up into an immense multitude of capillaries, which ramifj^ 
through the liver, and become connected with those into 
which the artery of the liver, called the hepatic artery 
(Fig. 11, H.A.), branches. From this common capillary 
mesh-work veins arise, and unite, at length, into a single 
trunk, the hepatic vein (Fig. 11, ff. V.), whic^J^emerges 
from the liver, and opens into the inferior vena cava. 
The flow of blood from the abdominal viscera through the 
liver to the hepatic vein is called the portal circnlation. 
The portal vein is the only great vein in the body which 
branches out and becomes continuous with the capillaries 
of an organ, like an artery. But certain small veins in 
the kidney are similarly arranged. (Lesson V.) 
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The shortest possible course which any particle of the 
l>lo(xi can take in order to pass from one side of the heart 
to the other, is to leave the aorta by one of the coronary 
arteries, and return to the right auricle by the coronary 
vein. And in order to pass through the greatest possible 
number of capillaries and return to the point from which 
it sbirted, a particle of blood must leave the heart by the 
aorta and traverse the arteries which supply the aliment- 
ary canal, spleen and pancreas. It then enters Istly, the 
capillaries of these organs ; 2ndly, the capillaries of the 



Fig. 13. — Tran.sverse Section of the Chest, with the Heart and 
LuNCis IN Place. (A little diagrammatic.) 


7). V. dorsal vertebra, or joint of the backbone ; Ao, Ao'. aorta, tlie top 
of its arch being cut away in this section ; S.C. sui>crior vena cava ; 
P.A. pulmonary artery, divided into a branch for each lung ; L.P. R.P. 
left and rig>rf; pulmonary veins; J¥r. bronchi ; R.L. L.L. right and left 
lungs ; (U. the gullet or msophagiis ; p. outer bag of pericardium ; pi. the 
two layers of pleura ; v, azygos vein. 


liver ; and, 3rdly, after passing through the right side of 
th^heart, the capillaries of the lungs, from which it 
returns to the left side and eventually to the aorta. 

4. The Heart. — The heart (Figs. 12 and 14), to which 
^ the vessels in the body have now been directly or 
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indirectly traced, is an organ, the size of which is usually 
roughly estimated as equal to that f)f the closed fist of the 
person to whom it belongs, and which has a broad end 
turned upwards and backwards, and rather to the right 
sJde^ called Its hsse : and a point-ed end which is called 
its apex, turned downwards and forwards, and to the 
left side, so as to lie opposite the interval between the 
fifth and sixth ribs. 

It is lodged between the lungs, nearer the front than 
the back wall of the chest, and is enclosed in a sort of 
double bag— the pericardium (Fig. 13, j>.). One-half 
of the double bag is closely adherent to the heart itself, 
forming a thin coat upon its outer surface. At the base 
of the heart, this half of the bag passes on to the great 
vessels w^hich spring from, or open into, that organ ; and 
becomes continuous with the other half, which loosely 
envelopes both the heart and the adherent half of the 
bag. Between the two layers of the pericardium, con- 
sequently, there is a completely closed, narrow cavity, 
lined by an epithelium, and containing in its mterior a 
small quantity of clear fluid, the pericardial fluid. ^ 
The outer layer of the pericardium is firmly connected 
below with the upper surface of the diaphragm. 

But the heart cannot be said to depend altogether upon 
the diaphragm for support, inasmuch as the great vessels 
which issue from or enter it— and for the most part pass 
upwards from its base — help to suspend and keep it in 
place. 

Thus the heart is coated, outside, by one layer of the 
pericardium. Inside, it contains two great t!^vities or 
“ divisions,” as they have been termed above, completely 
separated by a fixed partiti(^ which extends- from the 
base to the apex of the heart ; and consequently, having 

1 This fluid, like that contained in the peritoneum, pleura, and other 
shut sacs of a similar character to the pericardium, used to be called 
servm; wheixce the membranes forming the walls of these sacs are fre- 
quently termed serous membmnes,. The fluid is, however, in realitv a 
form of lymph. (See Lesson III.) ’ a 
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no direct communication with one another. Each of 
these two great cavities is further subdivided, not 
longitudinally but transversely, by a movable partition. 
The cavity above the transverse partition on each side is 
called the auride; the cavity below^ the ventricle — right 
or left as the case may be. 

Each of the four cavities has the same capacity, and is 
capable of containing from 4 to 6 cubic inches of water 



Fig. 14.~The Heart, Great Vessels, and Lungs. (Front View.) 

H. V. right ventricle ; 1. V. left ventricle ; R.A. right auricle ; L.A. left 
auricle; Ao. aorta; P.A. pulmonary artery ; P.V. pulmontu-y veins; 
R.L. right lung; L.L. left lung; V,S. vena cava superior; i>.C, sub- 
clavian vesseig ; €. carotids ; R.J. V. and L.J. V right and left jug\ilar 
veins ; V.I. vena cava inferior ; T. trachea ; B. bronchi. 

All yic great vessels but those of the lungs are cut. 

« 

(70 to 100 cubic centimeters). The walls of the auricles 
ar^inuch thinner than those of the ventricles. The wall 
of the left ventricle is much thicker than that of the 
right ventricle ; but no such difference is perceptible 
between the two auricles (Figs. 16 and 17, 1 and 3). 
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In fact, as we shall see, the ventricles have more work 
to do than the auricles, and the left ventricle more to do 
than the right. Hence the ventricles have more muscular 
subsLince than the auricles, and the left ventricle than the 
right ; and it is this excess of muscular substance which 
gives rise to the excess of thickness observed in the left 
ventricle. 

The muscular fibres of the heart are of a peculiar 
nature, resembling those of the chief muscles of the body 
in being transversely striated, but differing from them in 
many other respects. 



Fio. 15.— Cardiac Fibre Celi.h. 

Two cells isolated from the heart, w, nucleus ; line of juiictioa 
between the two cells ; /j, process joining a similar i>rocess of another 
cell. (Magnified 400 diameters.) 


Cardiac Muscular Tissue. — The musculfy* tissue of 
the heart is intermediate in character between striated and 
non-striated muscle. Like the non-striated muscle, it is 
composed of cells, each containing a single nucleus, abd 
possessing no sarcolemma. But the cells (Fig. 15) are 
generally short and broad, frequently branched or irregular 
in shape, and their substance is more or less distinctly 
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striated, like the substance of a striated fibre. A number 
of such cells are joined by cement substance into sets of 
anastomosing fibres, which are built up in a complex inter- 
woven manner into the walls of the ventricles and auricles. 

The cavities of the heart are lined by a smooth, shiny 
membrane called the endocardium, which consists of a 
layer of connective tissue covered with thin flattened cells 
continuous with and similar to those which form the wall 
of the capillaries and which line the arteries and veins. 
At the junction between the auricles and ventricles, 
the apertures of communication between their cavities, 
called the auriculo-ventricular apertures, are 
strengthened by fibrous rings of connective tissue. To 
these rings the movable partitions, or valves, between 
the auricles and ventricles, the arrangement of w-hich 
must next be considered, are attached. 

5. The Valves of the Heart.— There are three of 
these partitions attached to the circumference of the right 
auriculo-ventricular aperture, and two to that of the left 
(Figs. 16, 17, 18, 19, t Vy m v). Each is a broad, thin, but 
very tough and strong triangular fold of connective tissue 
(see Lesson XII.) covered by endocardium, attached by 
its base, which joins on to its fellow, to the auriculo- 
ventricular fibrous ring, and hanging with its point 
downwards into the ventricular cavity. On the right 
side there are, therefore, three of these broad, pointed 
membranes, whence the whole apparatus is called the 
tricuspid valve. On the left side, there are but two, 
which, when detached from all their connexions but the 
auriculo-venTricular ring, look something like a bishop’s 
mitre, and whence bear the name of the mitral 
valve. * 

The edges and apices of the valves are not completely 
free'Snd loose. On the contrary, a number of fine, but 
strong, tendinous cords, called chordse tendinese, con- 
nect them with some column-like elevations of the fleshy 
substance of the walls of the ventricle, which are termed 
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papillary muscles (Figs. 16 and 17, pp ) ; similar 
column-like elevations of the walls of the ventricles, but 



Fig. 16.— Right Side of the Heart of a Sheep. 


Ii.A. cavity of right auricle ; S. V.C. superior vena cava ; 7. V.C, inferior 
vena cava ; (a style has been passed through each of th^e ;) a, a style 
X>assed from the auricle to the ventricle through the auriculo-ventricular 
orifice ; a style passed into the coronary vein. 

R. V. cavity of right ventricle ; tv, tv, two flaps of the^tricuspid valve ; 
the third is dimly seen, behind thoin, the style a passing between the 
three. Between the two flaps, and attached to them by chordae tendinece, 
is seen a papillary muscle, pp, cut away from its attachment to that 
portion of the wall of the ventricle which has been removed. Afcove, 
the ventricle terminates somewhat lika* a funnel in the pulmonary 
artery, P.A. One of the pockets of the S(6milunar valve «v, is seen in ite 
entirety, another partially. 

1, the wall of the ventricle cut across ; 2, the position of the auriculo- 
ventricular ring; 3, the wall of tiie auricle; 4, masses of fat lodged 
b(“twccn the auricle and pulmonary artery. 
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having no chordse tendinese attached to them, are 
called coliunnse carneae. , 

It follows, from this arrangement, that the valves 
oppose no obstacle t<j the passage of fluid from the 
auricles to the ventricles ; but if any should be forced 
the other way, it will at once get between the valve and 
the wall of the* heart, and drive the valve backwards and 
upwards. Partly because they soon meet in the middle 
and oppose one another’s action, and partly because the 
vhordcn tendinece, hold their edges and prevent them from 
going back too far, the valves, thus forced back, give rise 
to the formation of a complete transverse partition be- 
tween the ventricle and the auricle, through which no 
fluid can pass. 

Where the aorta opens into the left ventricle, and 
where the pulmonary artery opens into the right ventricle 
another valvular apparatus is placed, consisting in each 
case of three pouch -like valves called the semilunar 
valves (Fig. 16, s.v. ; Figs. 18 and 19, Ao. P.A.), which 
are similar to those of the veins. Since they are placed on 
the same level and meet in the middle line, they completely 
stop the passage when any fluid is forced along the artery 
towards the heart. On the other hand, these valves flap 
back and allow any fluid to pass from the heart into the 
artery, with the utmost readiness. 

The action of the auriculo-ventricular valves may be 
demonstrated with great ease on a sheep’s heart, in which 
the aorta and pulmonary artery have been tied and tlie 
greater part of the auricles cut away, by pouring water 
into the ventricles through the auriculo-ventricular aper- 
ture. The ^icuspid and mitral valves then usually 
become closed by the upward^pressure of the water which 
gets behind them. Or, if the ventricles be nearly filled, 
the "valves may be made to come together at once by 
gently squeezing the ventricles. In like manner, if the 
base of the aorta, or pulmonary artery, be cut out of the 
heart, so as not to injure the semilunar valves, water 
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Fig. 17.— Left Side of ihe Heart of a Sheep (laid open). 

P. V. puliaonavy veins opening into the left auricle by four oj^enings, 
as shown by the styles ; a, a style passed from anrielS* into ventricle 
through the an riculo- ventricular orifice ; 6, a style pa.ssed into the 
coronary vein, which, though it has nt) connexion withAhe left auricle, 
is, from its position, iiecessftrily ^ut across in thus Keying open the 
auricle. 

M. V. the two flaps of the mitral valve (drawn somewhat diagraip- 
maiically) ; pp, papillary muscles, belonging as before to the i)art the 
ventricle cut away ; c, a style passed from ventricle in Ao. aorta ; ^Ao\ 
branch of aorta (see Fig. 12, A'o ’) ; P.A. pulmonary artery ; is. V.C. superia|:, 
vena cava. 

1, wall of ventricle cut across ; 2, wall of auricle cut away around 
auriculo- ventricular orifice ; 3, other portions of auricular wall cut 
across ; 4, mass of fat around base of ventricle (see 12, 2). 
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poured into the upper ends of the vessel will cause its 
valves to close tightly, and allow nothing to flow out after 
the flrst moment. 

Thus the arrangement of the auriciilo- ventricular valves 
is such, that any fluid contained in the chambers of the 
heart can be made to pass through the auriculo-ventricular 
apertures in one direction only : that is to say, from the 
auricles to the ventricles. On tlie other hand, the arrange- 
ment of the semilunar valves is such that the fluid con- 



Fio. 18.— View of the Orifices of the Heart from below, the whole 
iF' THE Ventricles having been cut awav. 

R.A.V. right auriciilo-veiitriculai^orificc surrounded by the three flaps, 
l.v. 1, t.v. 2, t.v. .S, of the tricuspid valve ; these are stretched by weights 
attached to the chordiv tendinmi. 

L.A.V. left auriculo-ventricular orifice surrounded in same way by the 
two flaps, m.v. 1, m.v. 2, of mitral valve ; P.A. the orifice of pulmonary 
artery, the semilunar valves having met and closed together ; Ao. the 
orifice of the aorta with its semilunar valves. The shaded portion, 
leading from U,A, V, to P.A,, represents the funnel seen in Fig. 16, 
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tents of the ventricles pass easily into the aorta and 
pulmonary artery, wliile none can be made to travel the 
other way from the arterial trunks to the ventricles. 

6. The Beat of the Heart. — Like all other muscular 
tissues, the substance of the heart is contractile ; but, un- 
like most muscles, the heart contains within itself a some- 



Fig. 19. — The Orifices of the Heart .seen from above the Acricles 
AND Great Vessels being cut a wav 

V.A. pulmonary artery, with its semiluHar valves ; Ao. irnrhi do. 

R.A. V, right auriculo-veiitricular orifice with the three flaps (^r. 1, 2, 8) 
of tricuspid valve. 

L.A.V. left auriculo-ventricular orifice, with m.c. 1 and 2, flaps of 
mitral valve ; h, style passed into coronary vein. On tLe left part of 
L.A.V., the section of the auricle is carried through the auricular ai>- 
pendage ; hence the toothed apiiearaiice due to the portions in relief 
cut across. 


thing which causes its different parts to contract in a 
definite succession and at regular intervals. 

If the heart of a living animal be removed from the body, 
it will, though in most cases for a very short time only, 
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unless the animal be “cold-blooded” like a frog, go 
on beating much as it did while in the body. And careful 
attention to these beats will show that they consist of : — 
(1) A simultiineous contraction of the walls of both 
auricles, (2) Immediately following this, a simultaneous 
contraction of the walks of both ventricles. (3) Then 
comes a pause, or state of rest ; after which the auricles 
and ventricles contract again in the same order as before, 
and their contractions are followed by the same pause as 
before. 

The state of contraction of the ventricle or auricle is 
called its systole ; the state of relaxation, during which it 
undergoes dilation, its diastole. 

If the auricular contraction be represented by A", the 
ventricular by V'', and the pauses by — , the series of 
actions Avill be as follows: A"V" — ; A"V‘' — ; A'V" 
— ; &c. Thus, the contraction of the heart is rhyth- 
mical, two short contractions of its upper and lower 
halves respectively being followed by a pause of the 
whole, which occupies nearly as much time as the two 
contractions. 

The movements taking place in the heart during one 
complete beat and the pause are usually spoken of 
as a “cardiac cycle.” This cycle is repeated, or as 
we more ordinarily say, “the heart beats” in an 
average healthy adult person about 72 times in a 
minute. From this it follows that the ordinary duration 
of each beat is of a second. Of this period the 
contraction of the auricles occupies and that of the 
ventricles the remaining being taken up by the 
pause of the. heart as a whole. During each cycle or beat 
the heart undergoes certain changes of shape and position, 
as to the details of which there is some uncertainty, but 
which are, on the whole, as follows. During each systole 
the width of the heart from side to side becomes less ; pro- 
bably also the depth from back to front is at the same 
time slightly increased. The result of this Is that whereas 

E 2 
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during diastole the shape of a section of tlie base of the 
ventricles is elliptical, during systole it becomes much 
more nearly circular. 



Fig. 20 .— Transverse Section thronoh the middle of the Ventricles 
OF A Dog’s Heart in Diastoi.e and in Systole, (After Hesse.) 

R. V. right ventricle ; L. V. left ventricle. 


The length of the heart is very slightly lessened, if at 
all, during systole, but the heart as a whole is twisted to 
a certain extent on its long axis, from the left and behind 
towards the front and right. The apex is at the same 
time tilted slightly forward and is hence pressed rather 
more firmly against the wall of the thorax, a fact of some 
imjiortance in connection with what we shall describe 
presently as the “ cardiac impulse ” (see }). 57). 

7. The Action of the Valves. — Having now acquired 
a notion of the arrangement of the different pipes and 
reservoirs of the circulatory system, of the position of the 
valves, and of the rhythmical contractions of the h^rt, it 
will be easy to comprehend what must happen if, when 
the whole apparatus is full of blood, the first step in the 
pulsation of the heart occurs and the auricles contract. 

By this action each auricle tends to squeeze the fluid 
which it contains out of itself in two directions — the one 
towards the great veins, the other towards the ventricles ; 
and the direction which the blood, as a whole, will take, 
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will depend upon the relative resistance offered to it in 
these two directions. Towards the great veins it is 
resisted by the mass of the blood contained in the veins. 
Towards the ventricles, on the contrary, there is no resist- 
ance worth mentioning, inasmuch as the valves are open, 
the walls of the ventricles, in their uncontracted state, 
are flaccid and easily distended, and the entire pressure 
of the arterial blood is taken off by the semilunar valves, 
which are necessarily closed. The return of blood into 
the veins is further checked by a contraction of the great 
veins at their point of junction with the heart which im- 
mediately precedes the systole of the auricles, and is 
practically continuous with it. 

Therefore, wdien the auricles contract, little or none of 
the fluid which they contain will flow back into the veins ; 
all the contents or nearly so will pass into and distend the 
ventricles. As the ventricles fill and begin to resist 
further distension, the blood, getting behind the auriculo- 
ventricular valves, will push them towards one another, 
and indeed almost shut them. The auricles now cease to 
contract, and immediately that their walls relax, fresh 
blood flows from the great veins and slowly distends them 
again. 

But the moment the auricular systole is over, the 
ventricular systole begins. The walls of each ventricle 
contract vigorously, and the first effect of that contraction 
is to complete the closure of the auriculo-ventricular 
valves and so to stop all egress towards the auricle. The 
pressure upon the valves becomes very considerable, and 
they might even be driven upwards, if it were not for the 
chordce tendinecB which hold down their edges. 

As the contraction contii^ies and the capacities of the 
ventricles become diminished, the points of the wall of 
the heart to which the chordae tendinece are attached ap- 
proach the edges of the valves ; and thus there is a ten- 
dency to allow of a slackening of these cords, which, if 
it ri^aJly took place, might permit the edges of the valves 
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to flap back and so destroy their utility. This tendency, 
however, is counteracted by the chordce tendineae being 
connected, not directly to the walls of the heart, hut to 
those muscular pillars, the papillary muscles, which stand 
out from its substance. These muscular pillars shorten 
at the same time as the substance of the heart contracts ; 
and thus, just so far as the contraction of the walls of the 
ventricles brings the 2)apillanf muscles nearer the valves, 
do they, by their own contraction, pull the chorcUe ten- 
dinea as tight as before. 



Fig. 2I.--PIAGRAM TO ILLUSTRATE THE ACTION OF THE HeaRT. 

anr. auricle ; rcnf. ventricle ; VV. veins ; a, aorta ; ?>?, mitral valve ; 
s, semilunar valve. 

In A the auricle is contracting, ventricle dilated, mitral valve open, 
semilunar valves closed. In B the aiu’icle is dilated, ventricle contracting, 
mitral valve closed, semilunar valves open. 

By the means which have now been described, the fluid 
in the ventricle is debarred from passing back into the 
auricle ; the whole force of the contraction of ‘the ventri- 
cular walls therefore is expended in overcoming the resist- 
ance presented by the semilunar valves. This resistance 
is partly the result of the mere weight of the vertical 
column of blood which the valves support ; but is chiefly 
due to the reaction of the distended elastic 'walls of the 
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great arteries, for as we shall see, these arteries are already 
so full that the blood within them is pressing on their 
walls with great force. 

It now becomes obvious why the ventricles have so 
much more to do than the auricles, and why valves are 
needed between the auricles and ventricles, while none 
are wanted between the auricles and the veins. 

All tliat the auricles have to do is to fill the ventricles, 
which offer no active resistance to that process. Hence 
the thinness of the wals of the auricles, and hence the 
needlessness of any auriculo-venous valve, the resistance 
on the side of the ventricle being so insignificant that it 
gives way, at once, before the pressure of the blood in the 
veins. 

On the other hand, the ventricles have to overcome a 
great resistance in order to force fluid into elastic tubes 
which are already full ; and if there were no auriculo- 
ventricular valves, the fluid in the ventricles would meet 
with less obstacle in pushing its way backward into the 
auricles and thence into the veins, than in separating the 
semilunar valves. Hence the necessity, firstly, of the 
auriculo-ventricular valves ; and, secondly, of the thick- 
ness and strength of the walls of the ventricles. And 
since the aorta, systemic arteries, capillaries, and veins 
form a system of tubes, which, from a variety of causes, 
offer more resistance than do the pulmonary arteries, 
capillaries, and veins, it follows that the left ventricle 
needs a thicker muscular wall than the right. 

Thus, at every systole of the auricles, the ventricles 
are filled and the auricles emptied, the latter being slowly 
refilled by the pressure of the fluid in the great veins, 
which is aiflply sufficient to overcome the passive resist- 
ance of the relaxed auricular walls. And, at every systole 
of the ventricles, the arterial systems of the body and 
lungs receive the contents of these ventricles, and the 
emptied ventricles remain ready to be filled by the 
auricles. 
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8. The Working of the Arteries.— We must now 
consider what happens in the arteries when the contents 
of the ventricles are suddenly forced into these tubes 
(which, it must be recollected, are already full). 

If the vessels were tubes of a rigid material, like gas- 
pipes, the forcible discharge of the contents of the left 
ventricle into the beginning of the aorta would send a 
shock, travelling with great rapidity, right along the 
whole system of tubes, through the arteries into the 
capillaries, through the capillaries into the veins, and 
through these into the right auricle ; and just as much 
blood would be driven from the end of the veins into the 
right auricle as had escaped from the left ventricle into 
the beginning of the aorta ; and that, at almost the 
same instant of time. And the same would take place 
in the pulmonary vessels between the right ventricle and 
left auricle. 

However, the vessels are not rigid, but, on the contrary, 
very yielding tubes ; and the great arteries, as we have 
seen, have especially elastic walls. On the other hand, 
the frictioR in the small arteries and capillaries which 
opposes a resistance to the flow of blood, and is hence 
spoken of as the peripheral resistance, is so great that 
the blood cannot pass through them into the veins 
as quickly as it escapes from the ventricle into the 
aorta. Hence the contents of the ventricle, driven by 
the force of the systole past the semilunar valves, are 
at first lodged in the first part of the aorta, the walls 
of which are stretched and distended by the extra 
quantity of blood thus driven into it. But as soon as 
{he ventricle has emptied itself and no more blood 
is driven out of it to stretch the aorta, the elastic 
walls of this vessel come into play ; they strive to 
go back again and make the tube as narrow as it was 
before ; thus they return back to the blood the pressure 
which they received from the ventricle. The effect of this 
elastic recoil of the arterial walls is on the one h^nd to 
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close the seniiluiuu valves, and so prevent the return of 
blood to the heart, and, on the other hand, to distend the 
next portion of the aorta, driving an extra quantity of 
blood into it. And this second portion, in a similar 
way, distends the next, and this again the next, and so 
on, right through the whole arterial system. Thus the 
impulse given by the ventricle travels like a wave along 
the arteries, distending them as it goes, and ultimately 
forcing the blood through the capillaries into the veins, 
and so on to the heart again. 

Several of the practical results of the working of the 
heart and arteries just described now become intelligible. 

9. The Cardiac Impulse. — If a finger be placed on the 
chest over the space between the fifth and sixth ribs on 
the left side, about one inch below the left nipple and 
slightly towards the sternum, a certain throbbing move- 
ment is perceptible, which is known as the “cardiac 
impulse.” It is the result of the heart-beat making it- 
•self felt through the wall of the chest at this point, at the 
moment of the systole of the ventricles. Even vvdien the 
heart is at rest ther apex, in a standing position, lies close 
under and in contact with this part of the chest-wall. 
When the systole takes place the muscular substance of 
the ventricles becomes suddenly hard and tense, as do all 
muscles when they contract. At the same time the apex of 
the heart, as the result of the peculiar movements already 
described (p. 52), is brought into still firmer contact with 
the chest-wall. The cardiac impulse is the outcome of this 
sudden hardening of the ventricular walls, aided by their 
closer contact with the wall of the chest at the moment 
when the hardening takes place. It is not due, as is so 
frequently sfated, to the heayt “ striking ” or “ tapping ” 
against the chest-wall. 

10. The Sounds of the Heart. — If the ear be applied 
over the heart, certain smmds are heard, which recur with 
great regularity, at intervals corresponding with those 

every two beats. First comes a longish dull 
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booming sound ; then a short sharp sound, then a pause, 
then the long, then the sharp sound, then another 
pause ; and so on. These sounds are usually likened to 
the pronunciation of the syllables “lubb,” “ dup.” There 
are many different opinions as to the cause of the first 
sound ; some physiologists regard it as a muscular sound 
caused by the contraction of the muscular fibres of the 
ventricle, while others believe it to be due to the vibration 
of the auriculo-veutricular valves, when they become 
suddenly tense or stretched as the ventricles begin to 
contract. In reality the first sound has i)robably a double 
origin, being partly muscular and partly valvular, and 
this view is borne out by the following facts. The sound 
is given out during the ventricular systole and is most 
plainly heard at the spot where the cardiac impulse is most 
readily felt. It is greatly altered in character and 
obscured in cases of disease, or experimental injury of the 
auriculo-ventricular valves ; but on the other hand it may 
be heard, although modified, in a beating heart thr<^gh 
whose cavities the passage of blood is temporarily pre- 
vented. 

The second sound is without doubt caused by the 
membranes of the semilunar valves becoming tense, and 
thus thrown into vibrations, on their sudden closure at 
the end of the ventricular systole. This is proved by the 
facts that tlie sound is loudest at that point on the chest- 
wall under which the semilunar valves lie ; that- it is 
modified and obscured by disease of these valves ; and that 
it may be made to cease by experimentally hooking 
back the semilunar valves in a living animal. 

11. Blood-pressure.— When an artery is cut, the 
outflow of blood is not uniform and smoo^, but takes 
place in jerks which correspond to each beat of the heart. 
Moreover the blood spurts out 'ivith considerable force, 
which although it is greater at each jerk is still persistent 
and large between the jerks. The obvious conclusion to 
be drawn from the above observation is that th^lood in 
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the artery is always under considerable, though variable, 
pressure. This pressure is called blood-pressure. We 
have already explained how this pressure comes to be 
established ; but its im])orLince is so great as a factor in 
the circulation that we may with advantage refer to this 
point once more. 

The smallest arteries and capillaries offer a considerable 
frictional resistance to the flow of blood through them 
into the veins, called as we have already said, ‘‘ j)eripheral 
resistance.” Owing to this resistance, of the total amount 
of blood forced into the arteries at each beat of the heart, 
only a portion can during the actual beat, apart from the 
jrnuse between it and the next beat, pass on into the 
veins. The remainder, is lodged in the arteries whose 
w^alls, being distensible, are on the stretch by the 

pressure of the blood thrust into them at each stroke of the 
heart, and this pressure of the blood on the arterial wall 
is what we mean by “ blood-pressure.” As soon as the 
^ arterial walls are stretched their elastic properties come into 
play ; they recoil and pi'ess on the blood with a force 
equal to that which puts them on the stretch. This 
elastic recoil squeezes the bkxKi on in the intervals 
between the successive beats of the heart, and thus 
renders the circulation continuous. In short the whole 
arterial system is always in a state of distension ; the 
work of the heart consists in keeping up this distended 
condition by thrusting fresh blood into the arteries under 
pressure ; and the pressure thus established forces the 
blood through the capillaries, on through the veins, and 
so back to the heart. 

Blood -pressure is greatest in the large arteries near the 
heart and diininishes gradualj^y along the arterial system 
until we come to the smallest arteries and capillaries ; 
here the pressure falls suddenly. The sudden fall of 
pressure is due to the existence of what we have already 
referred to as “peripheral resistance.” This resistance 
Kmust^ ^overcome in order to drive the blood on into the 
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veins ; to overcome a resistance work must be done, 
and to do work, force must be employed and energy 
expended. Now blood-pressure is the force available for 
overcoming the resistance, and if it be thus used up there 
is less of it left, or in other words the pressure falls. In 
the veins the blood -pressure is still less than in the 
capillaries, and diminishes gradually along tlieir course 
towards the heart. 

These differences of pressure in the several parts of the 
vascular system determine the flow of blood along the 
vessels ; the blood is always flowing from a higher to a 
lower pressure ; the main work of the heart is to establish 
the large blood-pressure existing in the larger arteries. 

When a vein is cut the blood does not spurt out as it 
does from a cut artery but oozes or trickles out gently, 
the reason being that the pressure in tlie veins is small. 
Further tlie flow is in this case continuous and not jerky 
as it is from a cut artery, in correspondence with the 
fact that there is no “pulse in the veins as there is in 
the arteries. But this statement recpnres that we should 
next consider the nature and causes of the pulse. 

12. The Pulse. — If the finger be placed on an artery 
whicli lies near the surface of the body, such as the radial 
artery at the wrist, what is known as the pulse will be 
felt as a slight throbbing pressure on the finger, coming 
and going at regular intervals which correspond to the 
successive beats of the heart. What is felt is in reality 
the intermittent rise and fall of that piece of the arterial 
wall which lies immediately under the finger. This fact 
may be easily proved by placing a light lever so as to rest 
over the artery, whereupon its end may be seen to rise 
and fall at the same regular intervals. This movement of 
the arterial wall is due to that distension of the arteries, 
of which we have already spoken, which is started at each 
beat of the heart by the extra quantity of blood driven 
into them by the ventricle, then travels in the form of a 
wave from the larger to the smaller arteries, an^.wapn'e-'^ 
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spoiids to the jerky outflow of blood from a cut 
artery. 

Tlie pulse which is felt by the Anger does not correspond 
in time precisely with the beat of the heart, but takes 
placie a little after it, and the delay is longer, the greater 
the distance of the artery from the heart. For example, 
the pulse in the tihial (irtery on the inner side of the 
ankle is a little later than the pulse in the temporal arferij 
in the temjde. Hy suitable instruments the rate at which 
the pulse travels along the arteries may be readily deter- 
mined and is found to be about 30 feet per second. This 
rate of progression of the pulse- wave must be carefully 
distinguished from the rate at which the blood is flowing 
along in the artery. Even in the aorta, where the blood 
flows most rajiidly (p. 64), tlie velocity is not more than 
about 35 inches per second. In fact “the pulse-wave 
travels over the moving blood somewdiat as a rapidly 
moving natural wave travels along a sluggishly flowing 
^river.” 

Under ordinary circumstances, the i>ulse is no longer to 
be detected in the ca})illaries, or in the veins. Sometimes 
a backward pulse from the heart along the great venous 
trunks may be observed ; but this is (piite another matter, 
and is the result of the movements of breathing. (See 
Lesson IV.) This actual loss, or rather transformation of 
the pulse, is effected by meam^ of the elasticifu (f the arteriol 
uxdla, called into play by the pcripheval resudance, in the 
following manner. 

In the flrst place it must be b<)rne in mind that, owing 
to the minute size of the small arteries and cajiillaries, the 
amount of friction taking place in their channels when the 
blood is passing through them is very great ; in other 
words, they offer a very great resistance to the passage of 
the blood. The consequence of this is, that, in spite of 
the fact that the total area of the capillaries is so much 
greater than that of the aorta, the blood has a difflculty in 
^getting tjirough the capillaries into the veins as fast as it 
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is thrown into the arteries by the heart. The whole 
arterial system, therefore, becomes over-distended with 
blood. 

Now we know by experiment that under such conditions 
as these, an elastic tube has the power, if long enough and 
elastic enough, to change a jerked impulse into a continu- 
ous flow. 

If an ordinary syringe or other convenient form of 
pump be fastened to one end of a long glass tube, and 
water be forced through the tube, it will flow from the far 
end in jerks, corresponding to the jerks of the syringe. 
This will be the case whether the tube be quite open at 
the far end, or drawn out to a fine point so as to ofter 
great resistance to the outflow of the water. The glass 
tube is a rigid tube, and there is no elasticity to be brought 
into play. 

If now a long india-rubber tube be substituted for the 
glass tube, it will be found to act diflerently, according as 
the opening at the far end is wide or narrow. If it is 
wide, the water flows out in jerks, nearly as distinct as 
those from the glass tube. There is little resistance to 
the outflow, little distension of the india-rubber tube, little 
elasticity brought into play. If, liowever, the opening ife 
narrowed, as by fastening to it a glass tube drawn out to 
a fine point, or if a piece of sponge be thrust into the end 
of the tube — if, in fact, in any way resistance be offered 
to the outflow of the water, the tube becomes distended, 
its elasticity is brought into play, and the water flows out 
from the end, not in jerks but in a stream, which is more 
and more completely continuous the longer and more 
elastic the tube, and the greater the resistance at its open 
end. 

Substitute for the syringe the heart, for the finely 
drawn glass tube or sponge the small arteries and capil- 
laries, for the india-rubber tube the whole arterial system, 
and you have exactly the same result in the living body. 
Through the action of the elastic arterial walls thq,separate 
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jets from the heart are blended into one continuous 
stream. The whole force of each blow of the heart is not 
at once spent in driving a quantity of blood through the 
capillaries ; a part only is thus spent, the rest goes to 
distend the elavStic arteries. But during the interval 
between that beat and the next the distended arteries are 
narrowing again, by virtue of their elasticity, and so are 
pressing the blood on into the capillaries with as much 
force as they were themselves distended by the heart. 
Then conies another beat, and the same process is re- 
peated. At each stroke the elastic arteries shelter the 
capillaries from part of the sudden blow, and tlien quietly 
and steadily pass on that part of the blow to the capillaries 
during the interval between the strokes. 

The larger the amount of elastic arterial wall thus 
brought into play, i.e. the greater the distance from the 
heart, the greater is the fraction of each heart’s stroke 
which is thus converted into a steady elastic pressure 
Jjetween the beats. Thus the pulse becomes less and 
less marked the farther you go from the heart ; any given 
length of the arterial system, so to speak, being sheltered 
by the lengths between it and the heart. 

Every inch of the arterial system may, in fact, be con- 
sidered as converting a small fraction of the heart’s jerk 
into a steady pressure, and when all these fractions are 
summed up together in the total length of the arterial 
system no trace of the jerk is left. » 

As the immediate, sudden effect of each systole becomes 
diminished in the smaller vessels by the causes above 
^ mentioned, the influence of this constant pressure becomes 
I more obvious, and gives rise to a steady passage of the 
|fluid from th^-arteries towards the veins. In this way, in 
pact, the arteries perform the same functions as the air- 
|reservoir of a fire engine, which converts the jerking 
iimpulse given by the pumps into the steady flow from 
|the nozzle of the delivery hose. 

The pl^enomena so far described are the direct outcome 
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of the mechanical conditions of the organs of the circula- 
tion combined with the rhythmical activity of the heart. 
This activity drives the fluid contained in these organs out 
of the heart into the arteries, thence to the capillaries, 
and from them through the veins back to ,the heart. And 
in the course of these operations it giv^i^liHi, incidentally, 
to the cardiac impulse, the sounds of heart, blood- 
pressure, and the pulse. ^ 

13. The Rate of Blood Flow.— It has been found, by 
experiment, that in the horse it takes about half a minute 
for any substance, as for insbmce a chemical body, whose 
presence in the blood can easily be recognized, to com- 
plete the circuit, ex. gr. to pass from the jugular vein 
down through the right side of the heart, the lungs, the 
lef^“‘side of the^eart, up through the arteries of the head 
and neck, and so back to the jugular vein. 

By far the greater portion of this lialf minute is taken 
up by the passage through the capillaries, where the 
blood moves, it is estimated, at the rate only of about one 
and a half inches in a minute^ whereas through the carotid 
artery of a dog it flies along at the rate of about ten inches 
in a second. Of course to complete the circuit of the 
circulation, a blood-corpuscle need not have to go through 
so much as half of an inch of capillaries in either the lungs 
or any of the tissues of the body. 

Inasmuch as the force which drives the blood on Ls 
(putting the other comparatively slight helps on one 
side) the beat of the heart and that alone, however much 
it may be modified, as we have seen, in character, it is 
obvious that the velocity with which the blood moves 
must be greatest in the aorta and diminish towards the 
capillaries. 

For with each branching of the arteries the total axea 
of the arterial system is increased, the total width of the 
capillary tubes if they were all put together side by side 
being very much greater than that of the aorta. Hence 
the blood, or a Qorpuscle, for instance, of the blood being 
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driven by the saiiio force, viz. the heart’s beat, over the 
whole body, must pass much more rapidly through the 
awta than through the capillary system or any part of 
that system. 

It is not that the greater friction in any capillary 
causes the blood to flow more slowly there and there 
only. The resistance caused by the friction in the 
capillaries is thrown back upon the aorta, which indeed 
feels the resistance of the whole vascular system ; and it 
is this total resistance which has to be overcome by the 
heart before the blood can move on at all. 

The blood driven everywhere by the same force simply 
moves more and more slowly as it passes into wider and 
wider channels. When it is in the capillaries it is slowest ; 
after escaping from the capillaries, as the veins unite into 
larger and larger trunks, and hence as the total venous 
area is getting less and less, the blood moves again faster 
and faster for just the same reason that in the arteries it 
moved slower and slower. It is, in fact, the differences in 
the width of the '^bed,” and this alone, which determines 
the differences in the rate of flow at the various points of 
the vascular system. 

A very similar case is that of a river widening out in 
a plain into a lake and then contracting into a narrow stream 
again. The water is driven by one force throughout (that 
of gravity). The current is much slower in the lake than 
in the narrower river either before or behind. 

14. The Nervous Control of the Arteries. Vaso- 
motor Nerves. — The arteries, as we have seen, are char- 
acterised structurally by being elastic and muscular. In 
the large arteries the elastic properties are more marked 
than the rftuscular, whereas in the smaller arteries the 
•muscular tissue is present •in large amount relatively to 
the elastic elements ; and we have dealt in detail with the 
significance of arterial elasticity and its use in connection 
with the establishment of blood pressure and the dis- 
appearance of the pulse. It has ^Iso been pointed out 

F 
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(p. 34) that the small arteries may be directly affected 
by the nervous system, which controls the state of con- 
traction of their walls, and regulates their calibre, and thus 
governs the supply of blood to each part of the body 
according to its varying needs. The control of the ner- 
vous system over the circulation in particular spots is of 
such paramount importance that we must now deal with 
this also in some detail. 

A phenomenon with which every one is more or less 
familiar, either as experienced on themselves or observed 
on other persons, is that known as blushing*. Now 
Vjlushing is a purely local modification of the circulation, 
and it will be instructive to consider how a blush is 
brought about. An emotion, sometimes pleasurable, 
sometimes painful, takes possession of the mind ; there- 
upon a hot flush is felt, the skin grows red, and according 
to the intensity of the emotion these changes are confined 
to the cheeks only, or extend to the “ roots of the hair,” 
or “ all over.” 

What is the cause of these changes ? The blood is a red 
and a hot fluid ; the skin reddens and grows hot, because 
its vessels contain an increased quantity of this red and 
hot fluid ; and its vessels contain more, because the small 
arteries suddenly dilate, the natural moderate contraction 
of their muscles being superseded by a state of relaxation ; 
and this relaxation comes on because the action of the 
nervous system which previously kept the muscles in a 
state of moderate contraction is, for the time, sus- 
pended. 

On the other hand, in many people, extreme terror or 
rage causes the skin to grow cold, and the face to appear 
pale and pinched. Under these circumstances, in fact„ 
the supply of blood to the skin is greatly diminished, in 
consequence of an increased contraction of the muscles of 
the small arteries whereby these become unduly narrowed 
or constricted, and thus allow only a small quantity of 
blood to pass through them ; and increased, con- 
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traction of the muscular coats of the arteries is brought 
about by the increased action of the nervous system.^ 

That this is the real state of the case may be proved 
experimentally upon rabbits. These animals may be 
made to blush artificially. If, in a rabbit, the sym- 
pathetic nerve (Fig. 22, C. Sy.), which sends branches 
to tile vessels of the head is cut, the ear of the rabbit, 
which is covered by so delicate an integument that the 
changes in its vessels can be readily perceived, at once 
blushes. That is to say, the vessels dilate, fill witli blood, 
and the ear becomes red and hot. The reason of this is, 
that when the sympathetic is cut, the nervous impulse 
which is ordinarily sent along its branches is interrupted, 
and the muscles of the small vessels, which were pre- 
viously slightly contracted, become altogether relaxed. 

And now it is quite poissible to produce pallor and cold 
in the rabbit’s ear. To do this it is only necessary to 
irritate the cut end of the sympathetic which remains 
connected with the vessels. The nerve then becomes 
excited, so that the muscular fibres of the vessels are 
thrown into a violent sbite of contraction, which di- 
minishes their calibre so much that the blood can hardly 
make its way through them. Consequently, the ear 
becomes pale and cold. 

This experiment on the blood-vessels of the rabbit’s ear 
is of fundamental importance as proof of the existence of 
nerves which control locally the muscular elements of the 
walls of the smaller arteries ; and inasmuch as this con- 
trol consists in causing movemeiits of the walls of the 
vessels, by means of which their calibre is regulated, the 
nerves which exert the control receive the general name 
of vaso-m©tor nerves. But from the fact that when 
the cut end of the sympath6tic nerve is irritated, or, as 
the physiologist says, is “ stimulated,” the muscular walls 

1 Sudden paleness is perhaps most frequently due to a failure or 
stoppage of the heart’s b^t, as in fainting. But it may also be observed 
when there is no change in the beat of the heart. 

F 2 
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of the arteries with which it is connected are always 
contracted and the vessels themselves constricted, the 
sympathetic is more precisely characterised as a vaBO- 
constriotor nerve. Further, since merely cutting tlie 
sympathetic leads to a dilation of the blood-vessels of the 
ear, we are justified in assuming that vaso-constrictor 
impulses are conthmalhj being sent ont along this nerve, 
whereby tJie arteries are kept continually in a condition of 
slight or medium constriction. To this condition the 
name is given of arterial “ tone.” Now this “ tone ” is 
of great importance, for by its existence it at once becomes 
possible to increase the blood-su})ply to any part of the 
body as well as to diminish it. Did the arteries possess 
no “tone ” they would, under ordinary resting conditions, 
be dilated to their full extent, and the part or organ they 
supply with blood would be receiving a maximum supply 
when at rest. But the organs of the body are never at 
rest for long, and when they become active they require 
an increased amount of blood which could not be supplied,, 
at least by a vaso-constrictor mechanism, but for the exist- 
ence of this arterial tone. It w^ould of course be possible 
to increase the blood-supply by means of an increased 
activity of the heart ; but this would affect the supply to 
every part of the body at the same time, and what is 
really wanted is a localised variation in supjdy to meet the 
varying needs of each part or organ. Thus the vaso- 
constrictor neiTes act by carrying more or less of the same 
kind of impulse, leading to increase or loss of tone and 
hence lessened or increased blood-supply ; they do not 
act, as is so frequently and erroneously imagined, by 
carrying one set or kind of impulses to produce constric- 
tion, and another set or kind to produce dilution. 

We have quoted blushing* as being a characteristic and 
familiar instance of the action of vaso-motor (vaso-con- 
strictor) nerves. But other examples of exactly similar 
action are met with throughout the whole body. Thus 
when a muscle contracts, or when a salivary glan4 secretes^ 
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saliva, or when the stomach is preparing to digest food, 
in each case the small arteries of the muscle, salivary 
gland or stomach, dilate and so flush the part with blood. 
iThe organ in fact blushes ; and this inner unseen blush- 
Jing is, like the ordinary blushing described above, brought 
|about by vaso-motor nerves. We shall see later on that 
rthe temperature of the body is largely regulated by the 
^'supply of blood sent to the skin to be cooled, and this 
i^eupply is in turn regulated by the vaso-motor nervous 
fsystem. Indeed everywhere all over the body, the ner- 
\"ous system by its vaso-motor nerves is continually super- 
' vising and regulating the supply of blood, sending now 
‘more now less blood, to this or that part ; and many 
diseases, such as those when exposure to cold causes con- 
gCvstion or inflammation, are due to, or at least associated 
with, a disorder or failure of this vaso-motor activity. 

15. The Vaso-motor Centre. — The vaso -constrictor 
nerves, which, by causing the varying contraction in the 
muscular walls of the arteries, thus control the supply of 
blood to each region of the body, can all be traced back 
to the spinal cord. They make their exit from this part 
^ of the central nervous system by the anterior roots of the 
; spinal nerves of the middle part of the cord, and after 

i '^^assing through the ganglia of the sympathetic system 
lee Lesson XI. ) are distributed to their various 
estinations. The impulses which these nerves convey to 
le blood-vessels are of course received by them from the 
jinal cord. This being the case the interesting question 
dses as to where these impulses are generated before 
leir exit from the cord. Experiment shows that under 
rdinary circumstances they come down the cord from a 
oint higher Tip, i.e. nearer yie brain, than that at which 
ire nerves themselves pass off from the cord. In fact it 
as been shown that they originate in a very limited 
ortion of the central nervous system, located in that part 
f it which we shall describe in a later Lesson (XI.) as 
tie spinal bulb or medulla oblongata. Here then the 
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vaso-constrictor impulses are gi^erated, and since they 
are the chief agents in dctern^Mfe the state of contraction 
or relaxation of the arteries of^lPrliody as a whole, this 
definitely localised part of the bulb has received the 

name of the vaso-motor centre. (Fig. 22, V.M.C.). 

The cause of the phenomenon of arterial “ tone ” now 
becomes quite clear. The vaso-motor centre continually 
generates and sends out impulses to every part, or rather 
to very many parts, of the body, which suffice to keep 
the muscle fibres of the arteries supplying those ])arts in 
a condition of slight contraction. When the iinp\ilses are 
increased t(j any part, the supply of blood to that part is 
lessened ; when the impulses are lessened the supply is 
increased. 

But if the vaso-motor centre is to be of use it must itself 
be under the influence of impulses which can be mad6 
to play upon it in such a way as to determine those 
variations in its activity which are essential to its ada[)t- 
ing itself to the varying needs of eitlier the body as a 
whole or any small part of the body. These impulses 
wliich govern the vaso-motor centre pass into it either 
down from the brain above, or up from the spinal cord 
below. As an instance of the former case we may refer 
once again to “blushing.” Here the emotion which leads 
to the blush, starts impulses in the brain which then pass 
down to the vaso-motor centre and modify its activity so as 
tl^essen tlie intensity of the impulses it sends to the blood - 
f^|$els of the cheeks. As an instance of the second case 
we may refer to the effects of heat and cold ap|flied to the 
body, as determining those variations of blood -supply to 
the skin by which the temperature of ^le body is 
so largely regulated (see Lesson V.). Here the impulses 
are started in the skin and, travelling along certain 
■sensory nerves, enter the spinal cord, pass up to the 
vaso-motor centre, and as before lead to the necessary 
changes in its activity. 

16. Vaso-dilator Nerves. — Our consideration of vaso*" 



II 


VASO DILATOR KERVES 


1 


motor nerves has so far led us to the view that the dilation 
or widening of an artery wliich leads to increased blood- 



Fiq. 22.— Diaoram to illttstrate the Position op the Vaso-Motor 
Centre, the Paths of Vaso-Constrictor Impulses from the 
along the Cervioal Sympathetic Nerve and (part of) 

DOMiNAL Splanchnic, and the: Course of Impulses to the 
FROM THE Brain and from: an outlying Part of the Body. 



Sp.C., Sp.C. spinal cord ; V.M.C, vaso-inotor centre ; Art. artery of ear ; 
C.^y. cervical sympathetic *, B.V.G. superior cervical ganglion; I.C.G 
inferior cervical ganglion; ii,Art. ^ubclaviaii artery; A.V. annulus of 
Yieussens ; Ht.G. stellate ganglion ; 4, 5, 6, 7, 8, fourth, fifth, sixth, 
seventh and eighth thoracic ganglia; A.tS. upper roots and part of ab- 
dominal splanchnic nerve. Ine dotted lines a./., a.f, indicate paths of 
conduction for impulses to the vaso-motor centre from the brain. Tlie 
dotted lines c./., <?./., c.f. indicate paths for the passage of impulses to the 
vaso-motor centre from some outlying part of the body such as the skin. 
The aiTows show the directions in which the impulses travel along 
each path. 
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supply is usually the result of cutting off or lessening con- 
strictor impulses which were previously passing along the 
nerves to the arteries. But instances are met with in the 
body where the dilation is produced in an entirely different 
way. Thus there is a certain nerve called the chorda 
tympani, a branch of the facial or 7th cranial nerve (see 
Lesson XI.), which runs to the submaxillary salivary 
glands. When this nerve is simply severed, no obvious 
effect is produced on the blood-vessels of the gland. But 
if now the cut eyid connected ioith the gland he stimulated, 
the small arteries at once dilate powerfully, the blood- 
supply is enormously increased, and the gland becomes 
bright red and flushed. In this case we have to deal with 
a vaso-motor nerve whose typical behaviour when 
stimulated is, speaking broadly, the exact opposite to that 
of the vaso-constrictor nerves. It is in fact a vaso-motor 
nerve such that impulses passing along it give rise not to 
constriction but to dilation. Hence it is spoken of as a 
vaso-dilator nerve. Other instances of the occurrence 
of similar vaso-dilator nerves are met with, but as our 
knowledge of them is at present uncertain and incomplete 
we must be content with having simply drawn attention 
to their existence, and to one striking instance of their 
action. It will be observed that vaso-constrictor nerves 
only lead to dilation through interference with the vaso- 
motor centre and tonic impulses ; vaso-dilator nerves 
bring about dilation directly. 

17. Nervous Control of the Heart. Cardiac Nerves. 

' — The heart, as we all know, is not under the 
direct influence of the will, but every one is no less 
familiar with the fact that the actions of the heart are 
wonderfully affected by all fo^ms of emotion.* Men and 
women often faint, and have sometimes been killed by 
sudden and violent joy or sorrow ; and when they faint 
or die in this way, they do so because the perturbation 
of the brain gives rise to a something which arrests 
the heart as dead as you stop a stop-watch with a 
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spring. On the other hand, other emotions cause 
that extreme rapidity and violence of action which we 
call palpitation. These facts suggest at once that the 
heart, like the arteries, is subject to control by the 
central nervous system, and we must now consider the 
more important details of this control. 

The heart is well supplied with nerves. There are 
many small ganglia^ or masses of nerve cells, lodged in 
the substance of the heart, more especially in the auricles, 
and nerves spread from these ganglia over the walls, both 
of the auricles and ventricles. Moreover, several nerves 
reach the heart from the outside (Fig. 23). Of these the 
most important are branches of a remarkable nerve which 
starts from the spinal bulb, and supplies not only the 
heart, but the lungs, alimentary canal, and other parts, 
and which is called the pneumogastric, or from its 
wandering course, the vagus (see Lesson XI.). Other 
nerves reaching the heart seem to come from the sym- 
I)athetic, but :na3" be traced back through the sympathetic 
to the spinal cord, and, for reasons which will presently 
become apparent, are called accelerator nerves. 

The heart, as already explained (p. 51), contracts 
rhythmically, but tlie regular rhythmical succession of the 
ordinary contractions is not primarily dependent upon the 
ganglia lodged in its substance, as was at one time 
supposed to be the case. Neither does it depend on the 
action of the nerves connected with, the heart, since the 
movements continue even after the heart is removed from 
body. Hence we must conclude, and experiment 
bears out the conclusion, that the muscle substance of which 
the heart is made is itself endowed xvith the power of con- 
tracting and relaxing at reguJ^ir intervals. On the other 
hand the influences which alter the heart’s action, as in 
fainting or palpitation, do as a rule come to the heart from 
without, and are carried to the heart along the vagus 
and accelerator nerves. This may be demonstrated on 
animals, such as frogs, with great ease. 



ELEMENTARY PHYSIOLOGY 


T.KSS. 


14 


If a frog be pithed, or its brain destroyed, so as to 
obliterate all sensibility, the animal will continue to live, 
and its circulation will go on perfectly well for a prolonged 
period. The body may be laid open without causing pain 
or other disturbance, and then the heart will be observed 
beating with great regularity. It is possible to make the 
heart move a long leA^er backwards and forwards ; and if 
frog and lever are covered with a glass shade, the air under 
which is kept moist, the lever may vibrate with great 
steadiness for a couple of days. 

It is easy to adjust to the frog thus prepared a contri- 
vance by which electrical shocks may be sent through the 
vagus nerves, so as to stimulate them. If tlie stimulation 
is only gentle oi‘ weak, the heart will be seen to beat 
more slowly, and at the same time each beat is rather 
more feeble, as shown by the diminished distance over 
which the end of the lever moves. But if the stimulation 
is strong, the lever almost immediately stops dead, and 
the heart will be found quiescent, with relaxed and dis- 
tended walls. After a little time the influence of the 
vagus passes oflf, the heart recommences its work as 
vigorously as before, and the lever vibrates through the 
same arc as formerly. With careful management, this 
experiment may be repeated very many times ; and after 
every arrest by the stimulation of the vagus, the heart 
resumes its work. 

If on the other hand the stimulation be applied to the 
sympathetic nerves, then an effect is produced which is 
exactly the opposite to that which results from stimulating 
the vagus. The lever moves more rapidly and over a 
greater distance, showing quite clearly that the heart is 
now beating faster and that ^ach beat is stronger. 

No clearer proof could be desired than is afforded by 
the above experiments, that the heart of the frog is con- 
trolled by two antagonistic nerves of which one, the 
vagus, carries impulses which slow and finally stop its 
beat, while the other, the accelerator, conveys impulses 
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wliich make it beat faster. Since there is no reason for 
supposing that the working mechanisms of a frog’s 
heart differ in any essential way from those of the mam- 
malian heart, we may at once a[)ply these striking results 
U) tlie human heart. It is, in fact, recorded of a certain 
well-known physiologist, that having a small hard tumour 
in his neck, in close proximity to the vagus nerve, he 
could press the vagus against this tumour and by thus 
stimulating it mechanically cause a stoppage of his own 
heart-beat. 

The heart, then, is controlled by two kinds of antagon- 
istic influences, analogous to those previously described 
as controlling the muscular walls of the arteries. More- 
over both the cardiac nerves are connected with the 
central nervous system, the one coming from the spinal 
bulb, the other from the spinal cord, so that the in- 
fluences they convey to the heart must, as in the case of 
the vaso-motor nerves, originate in the cential nervous 
system. Vve saw, however (p. 69), that the impulses 
carried by the vaso-motor nerves are generated in a very 
specially localised part of the spinal bulb, and the inter- 
esting question at once arises : Is there a similarly local- 
ised centre in which the imjmlses which modify the beat 
of the heart take their origin ? The answer to this ques- 
tion is in the affirmative, for experiment shows that the 
im})ulses which, travelling along the vagus, can stop or, 
as the physiologist says “inhibit,” the heart’s beat, are 
generated in a limited part of the spinal bulb, in close 
proximity to the vaso-motor centre. This part is there- 
fore known as the oardio-inhibitory centre. There 
are reasons Jor supposing that this centre, like the vaso- 
motor centre, is continually, .at work sending out impulses 
to the heart along the vagus, which check its activity, so 
that in many animals the heait beats more quickly after 
the vagus nerves are cut. 

The cardio-inhibitory centre may, like the vaso-motor 
centre, be itself influenced by impulses which reach it 
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either from the br<iin above or the siiiiial cord below. In 
this way the heart is iiidh*ectly connected w'ith all parts 
of the body, so that by nervous agencies its beat may be 



FlO. 23. — T)I\(iRAM IO ILI.rsTRATF, THK POSITION OF THE C-VRT^Tf*- 

Inhibitory Centre, the Paths of Inhibitory and Aooei.erator 
Impdeses from the Central Nervous System to the Heart, and 
the Course OF Impfl-ses TO THE Centre from the Brain and from 
AN outlyino Part of the Body. 

Sp.C., Hp.C. 8])iDal cord; (J.I.C. cardio-inhibitory centre; X. vag’us 
nerve at its origin ; VM. ganglion of the vagus, through which run the 
fibres coming from the centre along XI, the spinal accessory nerve (see 
Lesson XL). V<j. main trunk of the vagus; c.b.Vg. cardiac branches of 
vagus, supplying the heart; <\Hy. sympathetic nerve* in the neck; 
S.C/r. superior cervical ganglion ; LC^. inferior cervical ganglion ; H.Art, 
subclavian artery ; A.V. aimidus of Vieussens ; Ht.G. stellate ganglion ; 
4, o, (■>, fourth, fifth and sixth thoracic ganglia ; c.h.Sy. cardiac branches 
of the sympathetic supplying the heart. The dotted lines a./., a.f. 
indicate paths of conduction for impulses to the cardio-inhibitory centre 
from the brain. The dotted lines w./., lu,/. indicate paths for the passage 
of impulses to the cardio-inhibitory centre from some outlying part of 
the body such as the stomach or intestines. The arrows show the 
directions in which the impulses travel along each path. 
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made to vary according to the varying needs of the ]K>dy 
as a whole or of its several parts. For instance when 
taking exercise, the restraining influence of the centre is 
lessened and the lieart beats faster, thus providing for an 
increased rapidity of the circulation to meet the demands 
of the more actively contracting muscles. It is of course 
possible that the faster beat of the heart may also be due 
to impulses along the accelerator nerves. Again when a 
})erson faints from a sudden emotion, an influence is 
starte d in the brain, passes down to the centre in the 
spinal bulb, increases its action and stops for a time the 
beating of the heart. Or again, fainting may result from 
a blow on the stomach ; in this case the influence starts 
at the part struck, and passing up the spinal cord to the 
cardio-inhibitory centre, increases its activity and leads as 
before to stoppage of the heart. The rapid and violent 
beating of the heart wdiich we speak of as palintation ” 
may on the other hand be often due to some emotion 
which ill this case lessens the activity of the centre and 
hence diminishes the restraint wdiicli it ordinarily exerts 
over the heart. But of course palpitation may Jilso at 
times be due to impulses reaching the lieart along those 
nerves which we have described above as the accelerat(u*s. 

Our knowledge of the existence and position of the 
cardio-inhibitory centre is ipiite clear and definite. It is 
possible that a cardio-augmentor (-accelerator) centre may 
also exist, but at present w^e have no exact knowledge of 
its existence ; hence in the accompanying figure (Fig. 23) 
the accelerator nerves are shown as originating in the 
central nervous system, but not arising from any de- 
finitely localised centre. 

18. The Proofs of the jCirciQation.~-The evidence 
that the blood circulates in man, although perfectly con- 
clusive, is almost all indirect. The most important points 
in the evidence are as follow-s : — 

In the first place, the disposition and structure of the 
organs of circulation, and more especially the arrange- 
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merit of the various valves, will nut, as was shown by 
Harvey, permit the blood to flow in any other direction 



A Foot seen under a tow 

Magnieyino Power, the Blood- V^issels only BEmo reSsen^lT 

EXCEPT IN THE CORNER OF THE PjElS, WHERE IN THE PoRploN M arI 
OFF THE PlOMENT SpOTS ARE ALSO DRAWN. RUON MARKED 


a, small arteries ; v, small veins ; the minute tuhos iAiTiiTi,-, 4. • 
of the veins the capillaries. The arrows Lnote the dSlct?on^fThe 
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than in the one de'^eribed above. Moreover, we can 
easily with a syringe inject a fluid from the vena cava, for 
instance, through the right side of tlie heart, the lungs, 
the left side of the heart, the arteries, and capillaries, back 
to the vena cava ; but not the other way. In the second 
pface, we know that in the living body tlie blood is con- 
tinually flowing in the arteries towards the capillaries, 
because when an artery is tied, in a living body, it swells 
up and pulsates on the side of the ligature nearest the 
heart, whereas on the other side it becomes empty, and 
the tissues supplied by the artery liecome pale from the 
w^int of a supply of blood to their capillaries. And when 
we cut an artery the blood is pumped out in jerks from 
the cut end nearest the heart, whereas little or no blood 
comes from the other end. When, however, we tie a vein 
the state of things is reversed, the s\velling taking place 
on the side farthest from the heart, <fec. &c., showing that 
in the veins the blood flows from the capillaries to the 

But certtdn of the lower animals, the whole, ti^ jparts, 
of the body of which are transparent, readily aflfoi^^ijirect 
proof of the circulation ; in these the blood may h?® seen 
rushing from the arteries into the capillaries, and from the 
capillaries into the veins, so long as the animal is alive 
and its heart is at work. The animal in w^hich the circu- 
lation can be most conveniently observed is the frog. 
The web between its toes is very transparent, and the 
corpuscles suspended in its blood are so large that they can 
be readily seen as they slip swiftly along with the stream 
of blood, when the toes are fastened out, and the inter- 
vening web is examined under a microscope (Fig. 24). 

19. The Capillary Circulation. — The essential charac- 
teristics of blood-flow through the capillaries may be 
easily studied by observation under the microscope of the 
web of a frog’s foot. In the smallest capillaries the cor- 
puscles pass along singly, sometimes following each other 
pi close file, at other times leaving quite considerable 
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gaps in their succession. Frequently one or more cor- 
puscles may remain stationary for a moment and then 
pass on again. The red corpuscles, which in the frog are 
oval and comparatively large, glide along with their long 
axis parallel to the direction of the stream, and may often 
be observed to be squeezed out of shape by pressure 
against the wall of the capillary (Fig. 25, G and 11). In 
the larger capillaries, more especially in mammals whose 
cor[)uscles are smaller than in the frog, the corpuscles 
often pass along two or three abreast. Further, in these 
larger capillaries it may be seen tliat the red corpuscles 
tend to keep to the centre of the stream, leaving a clear 
laye]' of fluid along the sides of the blood-vessels. This 
is due to the fact that the fluid friction (already referred 
to on p. 56) is greater close to the walls of the capillaries 
than in the middle of the stream, and the corpuscles pass 
along where the resisting friction is least. The colourless 
or “white” corpuscles usually move more slowly and 
irregularly than the jed, and may, as a rule, be seen to 
lie in the clearer layer of fluid at the side of the current. 
Moreover, they frequently stop for an appreciable time, 
as if sticking to the wall of the capillary, and then roll on 
again ; probably because they are more adhesive than the 
red corpuscles as a result of their power of executing 
amceboid movements (see p. 100). 

20. Inflammation. — Everybody is more or less familiar 
with a peculiar and unusual condition which may arise in 
almost any part of the body, and which they describe by 
speaking of the part as “inflamed.” To ordinary obser- 
vation the characteristics of the condition are that the 
inflamed region becomes flushed and red, that it feels 
warmer than usual, that it ^becomes swelled and painful, 
and finally, if the inflammation is severe, that a thick 
yellowish fluid is formed which is commonly known as 
“matter,” or more correctly as pus. Such a series of 
changes may be observed during the formation and 
breaking of a boil. But the several stages just named are 




Fig. 25.—Vkrj small Portion of Fio. 24 very highly magnified. 

A, walls of capillaries ; tissue of«web lying between the capillaries 
P, cells of epidermis covering web (these are only shown in the right- 
hand and lower part of the field ; in the other parts of the field the fociis 
of the microscope lies below the epidermis) ; />, nuclei of these epidermic 
cells ; E, pigment cells contracted, not partially expanded as in Fig. 28 ; 
F, red blood-corpuscle (oval in the frog) passing along capillary — nucleus 
not visible ; O, another coi 7 )uscle squeezing its way through a capillary, 
the canal of which is smaller than its own transverse diameter ; H, 
another bending as it slides round a comer ; K, corpuscle in capillary 
seen through the epidermis ; I, white blood-corpuscle. 
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merely the external evidences of changes Liking place at 
the same time in the minute blood-vessels and circulation 
of the part affected, and since these changes throw an 
interesting light on the relations ordinarily existing 
between the walls of the blood-vessels and the neighbour- 
ing blood, they are worthy of a short consideration. 

If when the web of a frog’s foot, or other suitably 
transparent part of an animal, is adjusted for observation 
under the microscope, some irritant be applied to it such 
as a trace of mustard, ^ the following events may be readily 
observed. The minute arteries dilate, the blood flows 
faster, and tlie increased quantity of blood forced through 
the capillaries distends them so that they, as well as the 
smallest veins, appear to be similarly dilated. This 
accounts for the initial greater redness and warmth of an 
inflamed part. Very soon the colourless corpuscles are 
seen to be collecting in large numbers in the clear layer 
of fluid next to the walls of the capillaries and veinlets, 
and seem to adhere more firndy than usual to the walls of 
these vessels. Further, blood “platelets” (see p. 104), 
not previously visible, begin to collect also with and 
among the white corpuscles. Following upon this the 
stream of blood begins to flow more slowly although the 
blood-vessels are still widely dilated. And now a very 
striking phenomenon takes place. The white corpuscles 
make their way by amoeboid movements through the thin 
walls of the capillaries and collect outside them in the 
spaces in the neighbouring tissue. At the same time 
that the corpuscles are in this way “migrating,” a con- 
siderable quantity of the fluid part of the blood also 
passes out through the walls of the blood-vessels into the 
adjacent tissue. This accounts for the ^ characteristic 
swelling of an inflamed part. If the action of the irritant 
is continued, more and more white corpuscles collect in 
the vessels, the blood-flow becomes slowei* and slower, 

1 Used similarly as an irritant in the form of the ordinary domestic 
mustard poultice. 
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red corpuscles are arrested in large numbers among the 
white, and finally the circulation stops altogether. At 
this stage red corpuscles pass through the walls of the 
vessels as well as the white, and the latter multiplying 
rapidly in the sjiaces of the tissue outside the blood- 
vessels, and undergoing ccrbiin other slight changes, are 
converted into pus corpuscles. 

The appearances just described seem to indicate that 
the condition of the walls of the capillaries (and of the 
smallest veins and arteries) plays a very important part 
in determining the characteristics of the normal circulation 
tywgh these passages. And since in an inflamed area 
the flow of blood becomes slower and slower, and ulti- 
mately ceases, even while the blood-vessels are more 
widely dilated than usual, the condition of the walls of 
these vessels may evidently play a very important part in 
determining variations in that “peripheral resistance^’ 
which, as we have previously explained, is of paramount 
importance to the working of the circulation throughout 
every part of the whole body. Moreover it is evident 
that the condition of the walls of the capillaries may also 
at any moment modify the amount of the fluid part of the 
blood which is continually passing out through those 
walls as lymph (p. 84) for the nutrition of the neigh- 
bouring tissues. 


Part II.— The Lymphatic System and the Circulation 
OF Lymph 

1. The General Arrangement of the Lsnnphatics.— 

Food, as w^ have already pointed out (p. 23), after 
digestion in the alimentary canal, is absorbed into the 
blood-vessels and lacteals of that canal and whirled away in 
the current of the circulation for distribution as nutritive 
material to all parts of the body. But we have also 
drawn attention to the fact (p. 31) that the ultimate 

o 2 
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anatomical components, the cells and tissues, of every 
part of the body lie outside the blood-vessels. It is 
therefore clear that the tissues are everywhere separated 
from the blood by at least the thickness of the walls of 
the vessels, and in any case cannot draw the nutriment 
they require directly from the blood, since l^hey are 
nowhere in direct contact with it. Neither can they, 
for the same reason, discharge the waste they are always 
producing directly into the blood for its removal as a 
preliminary to its excretion. Both these difficulties are 
however got over by the fact that a portion of the fluid 
part of the blood is contimuilly exuding through the walls of 
the capillaries into the neighbouring tissues, taking with 
it the nutriment necessary for each tissue and providing 
a fluid connection between the tissue and the blood across 
which the waste from the tissues can be returned into the 
blood. The fluid which thus exudes is called lymph, ^ 
and may be regarded as a sort of middleman ” between 
the blood on the one hand and the tissue on the other. 
But if now this lymph is to be thoroughly efficient as a 
nutriment for the tissues it should presumably contain 
more food material than the tissues actually require as an 
average, and it must therefore be an economy to the body 
if the lymph, after having served the needs of the tissues, 
is gathered up again and returned to the blood for further 
use. Now this is exactly what does take place, and the 
means for ensuring the return of the lymph to the blood- 
vessels are as follows. 

Besides the capillary network and the trunks connected 
with it which constitute the blood-vascular system, all 
parts of the body which possess blood capillaries also 
contain i another set of w hat are termed lymph-capil- 
iaiies, mixed up w ith those of the blood -vascular system, 
^’bui not directly communicating with them, and, in 
addition differing from the blood -capillaries in being 

1 The mode of formation, composition and properties of lymph are 
dealt with in Lesson III. 
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connected with larger vessels of only one kind. 
That is to say they open only into trunks which carry 
fluid away from them, and thus bear the same relationship to 
the lymph -capillaries that the veins do to blood-capillaries. 
These trunks are known as the l3niiphatic vessels, 
and further resemble the small veins 
in the general structure of their walls 
and in being abundantly provided 
with valves, similar to those in the 
veins, which freely allow of the passage 
of lymph from the lymph-capillaries, 
but obstruct the flow of any liquid in 
the opposite direction. But the lym- 
phatic vessels differ from the veins in 
that they do not rapidly unite into 
larger and larger trunks which present 
a continually increasing calibre and 
allow a flow without interruption to 
the heart. On the contrary, remaining 
nearly of the same size, they at intervals 
become connected with small rounded 
or often bean-shaped bodies called 
lymphatic glands, entering the 
glands at one side and emerging at 
the opposite side as new lymphatic 
vessels (Fig. 26, (/.). 

Sooner or later the great majority of 
the smaller lymphatic vessels pour their 
contents into a tube which is about as 26.— The Lym- 

large as a goose-quiil, lies in front of Front of the 

the backbone, #and is called the thor- Right Arm. 

acic duct. This opens at flie root on^^the^^course of 
of the neck into the conjoined trunks lymphaucs. 

of the great veins (jugular and sub- 
clavian) which bring back the blood from the left side 
of the head and the left arm. (Fig. 27, /q/.) 

The remaining lymphatics, chiefly those of the right 
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side of the head and neck, the right arm and right lung, 
are connected by a common canal with the correspond' 
ing vein of the right side. 

The lower part of the thoracic duct is dilated, and is 
called the receptacle of the chyle (Fig. 27, a.). This 
part receives more particularly the lymphatics from the 
intestines, which, though they differ in no essential re- 
spect from other lymphatics, are called lacteals, because, 
after a meal containing much fatty matter, they are filled 
with a milky fluid termed chyle. The lacteals, or lym- 
phatics of the small intestine, not only form networks in 
its walls, but send blind prolongations into the little pro- 
cesses termed villi, with wdiich the mucous membrane of 
that intestine is beset. (See Lesson VI.) 

Where the two principal trunks of the lymphatic system 
open into the veins, valves are placed which allow of the 
passage of fluid in one direction only, namely from the 
lymphatic to the veins, the blood in tlie veins being 
unable to get into the lymphatics, and in this way tlie 
lymph from every part of the body is collected and re- 
turned into the blood, 

2. The Origin and Structure of Lymphatics. - The 

tissues of the body are built up of cells which, though 
lying closely applied to each other, are often separated 
by extremely minute spaces. These spaces are par- 
ticularly plentiful in that form of tissue of which we 
have already spoken as connective tissue, as a result of 
its structural arrangement, for it is made up of bundles of 
fine threads or fibres which cross one another in all 
directions and thus form a sort of feltwork of interlacing 
fibres. Some of the spaces in this tissue are^comparatively 
large and are called areol», whence this particular kind 
of connective tissue is sometimes called areolar tissue 
(see Lesson XIL). This areolar tissue is, as we have said 
13), present in every part of the body, and of course 
supports the blood-capillaries, which are thus, in reality, 
merely minute tubes lying imbedded in connective tissue. 
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Fio. 27.— Thk "[Thoracic Duct. 

The Tlioracic Duct occupies the middle of the figure. It lies upon the 
spinal column, at the sides of which are seen portions of the ribs (1). 

a, the receptacle of the chyle ; b, the trunk of the thoracic duct, 
opening at c into the junction of the left jugular (/) and subclavian (g) 
veins as they unite into the left Innominate vein, which has been ciit 
across to show the thoracic duct running behind it ; d, lymphatic glands 
placed in the lumbar regions ; the superior vena cava formed by the 
junction of the right and left innominate veins. 
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The chinks and spaces of the tissues are filled with that 
fluid exudation from the blood-vessels and tissue elements 
already spoken of as lymph, and hence are themselves 
often called l3niiph-spaces. In these lymph-spaces we 
see the origin or beginning of the lymphatic system. 

From the lymph-spaces the lymph passes into tlie lym])h 
capillaries. These are also essentially spaces in the mesh- 



a, small bundles of white fibrous tissue ; h, larger bundles ; c, single 
elastic fibres. 

work of connective tissue, but they are now lined by a 
single layer of extremely thin, flat, nucleated, epithelioid 
cells, very similar to those composing the wall of a blood 
capillary, but characterised ^by their edges being very 
sinuous or indented. These cells are joined to each other 
by their edges, the sinuosities of adjacent cells fitting into 
one another, so that they form a system of minute tubes, 
larger than blood-capillaries and wandering more irregu- 
larly. 
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The lymphatic vessels into which the lymph- 
cajhllaries pour their contents on its way towards the 
thoracic duct possess a structure essentially similar to 
that of a vein (p. 34) ; but they differ from a vein in that 
their walls are thinner, so thin as to be very transparent, 
are rdatively more muscular and are more plentifully 
supplied with vafves, whose structure, however, is the 
same as in the veins. 



Fig. 29.— Epithelioid Cells Lining, and Chaeacteristic of, the 
Lymphatics. 

The outline of the cells has been brought into view bj’^ means of 
nitrate of silver, which does not stain the nuclei ; the latter therefore 
are not shown. 


3. The Structure and Function of Lymphatic 
Glands. — Lymphatic glands occur at more or less freipient 
intervals along the course of the lymphatic vessels. They 
are of very variable size, being somewhat rounded when 
small and when large having more or less the shape of a 
bean. The afferent lymphatic vessels enter the glands 
by several branches on its more convex side, and emerge 
ip diminished numbers as efferent vessels from the opposite 
^side. Blood-vessels enter and leave the glands side by 
side with the efferent lymphatic vessels. 

Each gland is covered externally by a capsule or coat 
of connective tissue, with \^hich some unstriated muscle 
fibres are not infrequently mixed. This capsule sends 
projections, called trabeculae, inwards and towards the 
centre of the gland which divide it up into compartments 
or alveoli, the compartments being very regularly ar- 
ranged at the outer portion or cortex of the gland and 
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irregularly in the more central parts or medulla (see 
Fig. 30). Each alveolus is filled with a network of con- 
nective tissue, whose meshes are small and closely set in 
the central part of the alveolus, wider or more open when 
in contact with the trabecuhe. The central small meshed 
network is known as adenoid tissue/ is densely packed 



Fig. 30 .— Diagrammatic Representation of a Lymphatic Gland seen in 
Section. (After Shaupey.) 

Cap. capsule ; Tr. trabeculae; G.S. glandular substance; L.S. lymph 
sinus. In the alveolus marked 1. all the leucocytes are supposed to have 
been washed out ; in the rest of the gland they are shown ,in the 
glandular substance, but washed out of the lymph-sinuses. A.L. af- 
ferent lymphatic ; E.L. efferent lymphatic. Tlie arrows show the 
direction in which the lymph enters and loaves the gland. 


with lymph-corpuscles or leucoc3rfces closely resembling 
the colourless corpuscles of blood (p. 100), and constitutes 
what is usually spoken of as tlie glandular substance. 
The more open-meshed network which surrounds the 
glandular substance and separates it from the trabecula? 

1 Also often called retiform or lymphoid connective tissue. (See 
Lesson XII.) 
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is knoAvn as the lymph-sinus or lymph-channel. 
The meshes of the lymj)h-siniis, like those of the glandular 
substance, are crowded with leucocytes, Imt these are not 
very firmly fixed in this network as they are in that of 
the gla»',dular substance, and may be readily washed out 
by shaking a thin slice of the gland in water. 

The lymphatic vessels which bring lymph to the gland 
open directly into the channel of the lymph-sinus, and 
those vessels which gather up the lymph to carry it away 
from the gland open out of the lym})h-sinuses. The 
arteries supplying blood to the gland pass along the 
trabecuhe, cross the lymph-sinus, enter the glandular sub- 
stance and break up into a network of capillaries from 
which the blood is collected and carried away by small 
veins. 

The leucocytes which crowd the glandular substance 
present under the microscope appearances which leave no 
doubt that they are undergoing rapid and probably large 
increase in numbers. But since the size of each gland is 
ordinarily constant, a continual removal of the newly 
formed leucocytes must be taking place. This view' is 
borne out by the observation that leucocytes are more 
numerous in the lymph coming from a gland than' in that 
which flows to it. The removal takes place by a discharge 
of leucocytes from the glandular substance into the meshes 
of the neighbouring lymph-sinus, whence they are then 
washed away in the current of lymph which is alw'ays 
slowly flowing through the sinuses. In this way the 
lymphatic glands provide a constant supply of leucocytes 
which are passed ultimately into the blood and become 
those white or colourless corpuscles with w^hich w'e shall 
have to deal in the next Lesson. 

4. Causes which lead to the Movements of Lsrmph. 
— Throughout the preceding description of the lymphatic 
system we have spoken of the lymph as flowing along a 
series of passages, from their origin in the tissues to the 
point where they become connected with the blood-vessels. 
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The cause of this flow is not so immediately apparent as it 
is in the case of the blood, for the lymphatic system pos- 
sesses no central pump, such as the heart, to keep the 
lymph in motion.^ In the absence then of any obviously 
propulsive mechanism, to what may we attribute thifj 
continual passage of lymph along the lymphatics ? 

Tlie flow is in reality brought about by several causes. 
VVe may point out in the first place that some force, whose 
nature will be considered in the next Lesson, is at work 
to determine the initial exit of fluid from the blood-vessels 
into the lymph-spaces. This force must obviously tend 
to drive out the lymph already in those spaces, into and 
along the channels leading from them. Further, as we 
have seen, the blood-pressure in the large veins near the 
heart is very small and is certainly much less than it is in 
the capillaries ; and since the lymphatics originate at the 
capillaries and discharge their contents into the great 
veins, this difference of pressure at the two ends of the 
system must tend to cause an onward flow of lymph. 
Here also the movements of respiration ])lay a part, for, 
as will be seen when dealing with respiration, the pressure 
in the great veins is suddenly diminished at each inspira- 
tion and lymph is thus sucked out of the thoracic duct, no 
reversal of this action being possible at expiration because 
of the valves guarding the end of the duet. But the one 
great and potent cause of lymph-flow is the presence, all 
along the course of the lymphatics, of valves whose action 
is, however, only brought into play by the movements of, 
the body. As in the veins (p. 36) so in the lymphatic 
vessels ; when any pressure is applied to their outside the 
lymph is driven out of the squeezed part, and since the 
valves only open towards the function of the tfioracic duct 
with the venous system, the lymph is thereby driven 
along in the desired direction. 

1 The frog possesses four lymph-hearts, placed in two pairs at the 
upper and lower end of the backbone. Their .structural arrangement is 
very similar to that of the blood-heart, and, being rhythmically con- 
tra.ctile, they pump the lymph into the venous system. 



LESSON Til 

THE BLOOD AND THE LYMPH 

1. Microscopic Examination of Blood.— In order to 
become properly acquainted with the characters of the 
blood it is necessary to examine it with a microscope 
magnifying at least three or four hundred diameters. 
Provided with this instrument, a hand lens, and some 
slips of thick and thin glass, ^ the student will be enabled 
to follow the present lesson. 

The most convenient mode of obtaining small quantities 
of blood for examination is to twist a piece of string, 
pretty tightly, round the middle of the last joint of the 
middle, or ring finger, of the left hand. The end of the 
finger will immediately swell a little, and become darker 
coloured, in consecpience of the obstruction to the return 
of the blood in the veins caused by the ligature. When 
in this condition, if it be slightly pricked with a sharp 
clean needle (an operation which causes hardly any pain), 
a good-sized drop of blood will at once exude. Let it be 
deposited on one of the slips of thick glass, and covered 
lightly and gently with a piece of the thin glass, so as to 
spread it out evenly into a thin layer. Let a second slide 
receive another drop, and, to keep it from drying, let it 
be put under an inverted watch-glass or wine-glass, with 
a bit of wet blotting-paper inside. Let a third drop be 
dealt with in the same way, a few granules of common 
salt being first added to the drop. 

1 Slides and coverslips, as they are called by microscopists. 
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To the naked eye the layer of blood upon the first slide 
will axjpear of a pale reddish colour, and quite clear and 
homogeneous. But on viewing it with even a pocket lens 
its apparent homogeneity will disappear, and it will look 
like a mixture of excessively fine yellowish-red particles, 
like sand, or dust, with a watery, almost colourless, fluic\. 
Immediately after the blood is drawn, the particles will 
appear to be scattered very evenly through the fluid, but 
by degrees they aggregate into minute patches, and the 
layer of blood becomes more or less spotty. 

The ‘‘ particles ” are what are termed the corpuscles 
of the blood ; the nearly colourless fluid in Avhich they 
are suspended is the plasma. 

The second slide may now be examined. The drop of 
blood will be unaltered in form, and may perhaps seem to 
have undergone no change. But if the slide be inclined, 
it will be found that the drop no longer flows ; and, 
indeed, the slide may be inverted without the disturbance 
of the drop, which has become solidified, and may be 
removed, with the point of a penknife, as a gelatinous 
mass. The mass is quite soft and moist, so that this 
setting, the clotting or coagulation, of a drop of 
blood is something very difierent from its drying. 

On the third slide, this process of clotting will be found 
not to have taken place, the blood remaining as fluid as it 
was when it left the body. The salt therefore has 
prevented the coagulation of the blood. Thus this very 
simple investigation teaches that blood is composed of a 
nearly colourless plasma, in which many coloured corpuscles « 
are suspended ; that it has a remarkable power of 
clotting ; and that this clotting niay be prevented by 
artificial means, such as the addition of salt. * 

If, instead of using the hand lens, the drop of blood on 
the first slide be placed under the microscope, the 
particles, or corpuscles, of the blood will be found to be 
bodies with very definite characters, and of two kinds, 
called respectively the red corpuscles and the white 
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or colourless corpuscles. The former are much 
more numerous than the latter, and have a yellowish-red 
tinge ; when one of these corpuscles is seen, under a high 
power of the microscope, lying by itself, it seems to be 
hardly more than faintly yellow in colour, but when 



Fia, 31 .— Red and White Corpuscles of the Blood Magnified. 


A. Moderately magnified. The red corpuscles are seen lying in 
»alcaux ; at a and a are seen two white corpuscles. 

B. Red corpuscles much more highly magnified, seen in face ; C. ditto, 
seen in profile ; I), ditto, in rouleaux, rather more highly magnified ; a 
red corpuscle swollen into a sphere by imbibition of water. 

F. A white corpuscle magnified same as B. 

//. Red cori)u^les i)uckered or crenatc all over. 

I. Ditto, at the edge only. 

several are seen lying one on the other, the redness 
becomes obvious. The white, somewhat larger than the 
red corpuscles, are, as their name implies, pale and devoid 
of colouration. 
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The corpuscles differ also in other and more important 
respects. 

2. The Red Corpuscles.— The red corpuscles (Fig. 31) 
are flattened circular discs, on an average 7/^ to 8/Lt 
of an inch) in diameter, and having about one-fourth of 
that thickness. It follows that rather more than 
10,000,000 of them will lie on a space one inch scpiare, 
ami that the volume of each corpuscle does not exceed 
^ cubic inch. 

The broad faces of the discs are not flat, but somewhat 
concave, as if they were pushed in towards one another. 
Hence the corpuscle is thinner in the middle than at the 
edges, and when viewed under the microscope, by trans- 
mitted light, looks clear in the middle and darker at the 
edges, or dark in the middle and clear at the edges, 
according as it is or is not in focus. When, on the other 
hand, the discs roll over and present their edges to the 
eye, they look like rods. All these varieties of appear- 
ance may be made intelligible by taking a small, round, 
flat disc of clay or putty and squeezing the central part of 
the two flat sides between the thumb and finger, so as to 
make the centre thinner than the edges ; the disc is now 
more or less similar in shape to the red corpuscles, and 
may be turned into various positions before the eye. 

In a drop of blood immediately after it is drawn, the 
red corpuscles float about and roll, or slide, over each 
other quite freely. After a short time (the length of 
which varies in different persons, but usually amounts to 
two or three minutes), they seem, as it were, to become 
sticky, and tend to cohere ; and this tendency increases 
until, at length, the great majority of them become applied 
face to face, so as to form long series, like lolls of coin. 
The end of one roll cohering with the sides of another, 
a network of various degrees of closeness is produced 
(Fig. 31, A.). 

The corpuscles remain thus coherent for a certain 
length of time, but eventually separate and float freely 
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or saline solutions, will at once cause the rolls to 
break up. 

It is from this running together of the corpuscles into 
patches of network that the change noted above in the 
appearances of the layer of blood, viewed with a lens, 
arises. So long as the corpuscles are separate, the sandy 
appearance lasts ; but when they run together, the layer 
appears patchy or spotted. 

The red corpuscles, rarely, if ever, all run together into 
rolls, some always remaining free in the meshes of the 
.net. In contact with air, or if subjected to pressure, 
many of the red corpuscles become covered with little 
knobs, so as to look like minute mulberries — an appear- 
ance which is due to the concentrating by evaporation of 
the fluid in which they are floating (Fig. 31, H, H.). 

The red corpuscles are very soft, flexible, and elastic 
bodies, so that they readily squeeze through apertures and 
passages narrower than their own diameters, and imme- 
diately resume their proper shapes (Fig. 25, G, H.). 
Examined under even a high power the red corpuscle 
presents no veiy obvious structure ; when however blood 
is frozen and thawed one or more times, or when it is 
treated in certain other ways, as, for instance, by the 
addition of water, the colouring matter which gave each 
corpuscle its yellow or yellowish-red tinge is dissolved out 
and passes into the surrounding fluid, and all that is left 
•of the corpuscle is a colourless framework appearing often 
*^ider the microscope as a pale, hardly visible, ring. 
Each corpuscle in fact consists of a sort of spongy colour- 
less framework, the stroma, composed of the kind of 
material kno\fm as proteid and of a peculiar colouring 
matter, which, in the natural condition, is intimately 
connected with this framework, but may by appropriate 
means be removed from it. This colouring matter, which 
is of a highly complex nature, is called ^haemoglobin, 
and may by proper chemical treatment be resolved into a 
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reddish-brown substance containing ii’on, called h8B- 
matin, and a colourless proteid substance. 

Each corpuscle therefore is not to be considered as a 
bag or sack with a definite skin or envelope containing 
fluid, but rather as a sort of spongy semi-solid or semi- 
fluid mass, like a disc of soft jelly ; and as such is capable 
of imbibing water and swelling up, or giving out water 
and shrinking according to the density of the fluid in 
which it may be placed. Thus, if the plasma of blood be 
made denser by dissolving saline substances, or sugar, in 
it, water is drawn from the substance of the corpuscle to 
the dense plasma, and the corpuscle becomes still more 
flattened and very often much wrinkled. On the other 
hand, if the plasma be diluted with water, the latter forces 
itself into and dilutes the substance of the corpuscle, 
causing the latter to swell out, and even become spheiical ; 
and, by adding dense and weak solutions alternately, the 
corpuscles may be made to become successively spheroidal 
and discoidal. Exposure to carbonic acid gas seei^ to 
cause the corpuscles to swell out ; oxygen gas, on the 
contrary, appears to flatten them. 

The stroma or framework constitutes but a very small 
part, 10 per cent., of the solid matter of which the red 
corpuscles are composed, the remaining W per cent, con- 
sisting of the colouring matter or haemoglobin. The 
corpuscles may therefore be regarded as simply so many 
tiny masses of haemoglobin. Now haemoglobin, we may 
say at once, possesses the remarkable property of uniting 
in a peculiar way with considerable quantities of oxygei.,. 
and thus confers on the red corpuscles their one great 
characteristic of acting as the carriers of oxygen from the 
lungs to the tissues of all parts of the body. We have 
already pointed out (p. 25) the general importance of this 
transference of oxygen to the tissues ; the details con- 
nec*ted with the relationship of hfemoglobin to this trans- 
ference may be more appropriately dealt with when we 
study respiration in the next Lesson. 
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The colouring matter of the corpuscles is further 
characterised by its juoperty of crystallising more or less 
readily. If a little rat’s or dog’s blood, from which the 
hbrin has been removed (see below) be shaken up wdth a 
small (quantity of ether, it loses its opacity and becomes 
(piite transparent in thin layers, or as it is often called 
‘laky.’ The transparency results from the discharge of 
the hmmoglobin from the stroma into the neighbouring 
fluid, in w'liich it is now in solution. If the vessel con- 



Fk;. 32. — Crystals of HyKMO<;LOBiN. (After Fcnke.) 
a, squirrel ; guiuoa-i)ig ; <*, cat or dog ; d, niai) ; e, hamster. 


taming the laky blood be allowed to stand on ice for some 
hours, a sediment usually forms at the bottom, and will 
bo found in a successful experiment, when examined with 
the microscope, to consist chiefly of blood-crystals. 
The crystals difler in shape according to the animal from 
whose blood they were obtained ; in man they have the 

Jrl 2 
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shape of prisms. The haemoglobin of human blood 
crystallises with difficulty, but that of the guinea-pig, rat, 
or dog, much more readily. 

3. The White Corpuscles. — The colourless corpuscles 
(Fig. 31, a a, F.) are larger than the red corpuscles, their 
average diameter being lOfi of an inch). They are 

further seen, at a glance, to differ from the red corjiuscles 
by the iiTegularity of their form, and by their greater 
stickiness or adhesiveness, shown by theii’ tendency to 
attach themselves to the glass slide, while the red 
corpuscles float about and tumble freely over one another. 

A still more remarkable feature of the colourless 
corpuscles than the irregularity of their form is the 
unceasing variation of shape which they exhibit so long as 



^ c d 


Fia. 33.— Successive Forms assumed by Colourless Corpuscles of 
Human Blood. (Magnified about 000 diameters ) 

The intervals between the forms «, r, d, wjis a minute ; between d 
and t two minutes ; so that the whole senes of clnmgoB from a to e. took 
five minutes. 

they are alive. The form of a red corpuscle is changed 
only by influences from without, such as pressure, or the 
like ; that of the colourless corpuscle is undergoing 
constant alteration, as the result of changes taking place ^ 
in its own substance. To see these changes well, a- 
microscope with a magnifying power of five or six hundred 
diameters is requisite, and some arrangement for keeping 
the preparation gently warmed (to 40" C.«), since heat 
makes the movements more active ; and, even then, they 
are so gradual that the best way to ascertain their exist- 
ence is to make a drawing of a given colourless corpuscle 
at intervals of a minute or two. This is what has been 
done with the corpuscle represented in Fig. 33, in which 
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a represents the form of the corpuscle when first observed ; 
b, its fonn a minute afterwards ; e, that at the end of the 
second ; d, that at the end of the third ; and e, that at 
the end of the fifth minute. 

Careful watching of a colourless corpuscle, in fact, 
shows that every part of its surface is constantly changing 
— undergoing active contraction or being passively dilated 
by the contraction of other parts. It exhibits con- 
tractility in its lowest and most primitive form. 

While they are thus living and active, a complete 
knowledge of the structure of the colourless corpuscles 
cannot be arrived at. Each corpuscle seems to be formed 
simply of a mass of the coarsely or finely granular 
substance called protoplasm in which no distinction of 



Fig, 34. — Colourless Corpuscles of Blood. (Hardy.) 

A spherical and coarsely granular, the non-grauular part being oc- 
cupied by the nucleus ; B, spherical and finely granular ; C, showing 
nucleus after action of acetic acid ; D, flattened, as the corpuscle moves, 
and showing the nviclevrs. 


parts can be seen (Fig. 34, A and B). This is especially the 
case when the corpuscle is at rest and assumes a spheroidal 
shape. Sometimes, however, the corpuscle, in the course 
of the movements just described, spreads itself out into a 
very thin flat film (Fig. 34, D) ; and when that is the case 
there may be seen in its interior a rounded body, differing 
in appearance from' the rest of the body of corpuscle. 
Again when a drop of blood is diluted with water, still 
better with very dilute acetic acid, the spongy protoplasm 
of the white corpuscles swells up and becomes transparent, 
many of the granules becoming dissolved, and in this case 
the same rounded body becomes visible. This internal 
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rounded body, which differs in natiu'i^ from tlie rest of the 
siihstwoe of the oor/msr}e% }s e/i]hv} the nuolsuB 
34, C) ; find when the blood is treated under the niiero- 
scope, witli various staining fluids, such as solutions of 
carmine or logwood, the nucleus generally stains moT*e 
deeply than the rest of the corpuscle. 

Tlie colourless corpuscle, with its nucleus, is wliat is 
called a nucleated cell. It will be observed that it lives 
in a free state in the plasma of the blood, and that it 
exhibits an independent contractility. In fact, except 
that it is dependent for the conditions of its existence 
upon the plasma, it might be compared to one of those 
simple organisms which are met with in stagnant water, 
and are called Amcebn^^ whence the name ‘amceboid’ given 
to the movements of the colourless corpuscles of blood. 

While the colourless corpuscles are tlius nucleated cells, 
the red corpuscles have no such nucleus ; and this is true 
not only of human blood but of the blood of all mammals, 
i.e. of all those animals which suckle their young ; in all 
these the red corpuscle has no nucleus. In the case of 
birds, reptiles and fishes, however, the red corpuscles as 
well as the colourless are nucleated ; and in the embryos ^ 
even of mammals the red corpuscles are at first nucleated. 

We have seen that the colourless corimscles consist of 
what may be spoken of as the cell-body, or contractile part, 
in which is imbedded a nucleus. 

The body may sometimes be (piite clear and transparent, 
though it more usually appears to be granular from th.e 
presence in it of minute particles which, varying in size, 
are spoken of as ‘ fine ’ or ‘ coarse.’ We may regard these 
particles as simply imbedded in the ground-substance of 
which the cell-body is made up, and, since they are variable 
in size and numbers, as not essential to the structure of 
the corpuscle. What the real structure of the living, 
contractile ground-substance or protoplasm may be is still 
a matter of conjecture and dispute. 

1 All embryo is the rudimentary unborn young of any creature. 
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When the colourless c<>rpusoles are examined chemically 
thej nro found to eon^j^^t ch']ei)y of wnter, find only 10-12 
per cent, of solid matter. As in the case of the stroma of 
the red corpuscles, so here also this solid part is made up 
largely (d proteids or substances closely allied to 
proteids. But frerpiently also some small amount of fat 
is found to be present, as also of a representative of that 
class of substances known as carbohydrates or starchy 
bodies, called glycogen, which will be dealt with later 
on when treating of the liver. (See Lesson V.) 

The jiarts played by the colourless corpuscles in the 
animal economy are probably varied and numerous, but 
our knowledge of them is very imperfect. We have seen 
(p. 82) that under special circumstances these corpuscles 
may, by means of their amoeboid movements, migrate in 
lai'ge numbers through the walls of the blood-vessels into 
the tissues, and it is possible that here they may in some 
way assist in the removal of the causes which are giving 
rise to the disturbance. Quite probably a similar migration 
is taking place on a smaller scale at all times, for some as 
yet oVjscure but possibly similar purpose. Again, by their 
amceboid movements the colourless corpuscles can flow 
round small solid particles and absorb them into their 
cell-body ; in other words they can feed on substances in 
the blood and thus be continually busied in keeping this 
fluid in a normal condition, more particularly when, as in 
disease, the composition of the blood is altered by the in- 
troduction of foreign matter such as bacteria, etc. More- 
over it is extremely probable that the colourless corpuscles 
may act on the blood and on any foreign matter it may at 
times contain by means other than their aiiueboid move- 
ments ; namely chemically by the discharge into the blood 
of substances formed within themselves. Finally there 
are reasons for supposing that when blood is shed, these 
corpuscles have something to do with starting that striking 
change, to which we have already alluded, known as the 
clotting or coagulation of blood. 



104 


ELEMENTARY PHYSIOLOGY 


LESS. 


4. Blood Platelets. — In addition to the red and white 
corpuscles, a third kind of rounded, colourless })articles 
may, but with difficulty, be made out as existing in blood. 
These are known as ‘ ‘ blot >d platelets. ” They are extremely 
minute, not much wider than the thickness of a red 
corpuvscle, and usually disappear as soon as blood is removed 
from the body. But so little is known about them that 
we must not do more than simply draw attention to their 
existence. 

5. The Origin and Fate of the Corpuscles.— The 

exact number of both red and colourless corpuscles present 
in the blood varies a good deal from time to time ; and 
there is reason to think that both kinds of corpuscles are 
continually being destroyed or made use of. But since, 
on the whole, the average number of each kind of corpuscle 
is maintained during healthy life, it is evident that new 
corpuscles must be continually forming to take the place 
of those which have disappeared. 

The colourless corpuscles are, as already described 
(p. 91), chiefly formed out of leucocytes which, originat- 
ing in the lymphatic glands and other similar structures, 
are then })assed along the lymphatic vessels into the 
blood. 

Our knowledge of the origin of the red corpuscles is 
somewhat less definite ; there is, however, no doubt that 
in the adult the chief seat of their formation lies in that 
marrow found in the cavities of bones which, from being 
very plentifully supplied wuth blood-vessels, is known as 
red marrow. There is some doubt as to whether the 
cells which give rise to red corpuscles in the maiTow are 
similar to ordinary white corpuscles, or are a particular 
kind of cell ; and the question has not •as yet been 
definitely decided as to how the mammalian red corpuscle 
comes to have no nucleus, although formed in or from 
cells which are themselves nucleated. 

Apart from what is known as to the disappearance of 
white corpuscles from the blood by migration through the 
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walls of the vessels, we cannot point wdth certainty to any 
other fate which befalls them. There is no reason for sup- 
posing that they are used up in giving rise to red corpuscles. 

When we deal with the liver w^e shall see that the fluid 
(bile) which it forms or ‘^secretes” is highly coloured, 
though not red. Observation and experiment both show 
that the substance to which the colour of bile is due is 
probably derived from that coloured product of the 
decomposition of hemoglobin, known as hematin. If 
hemoglobin is thus the parent substance of the colouring 
matter of the bile, then, since bile is formed by the liver 
each day in large quantities, a correspondingly large daily 
destruction of red corpuscles must also be taking place. 

6. The Physical Qualities of Blood. — The proverb 
that “blood is thicker than water ” is literally true, as 
the blood is not only ‘‘thickened” by the corpuscles, 
of which it has been calculated that nc) fewer than 
70,0CK),000,000 (eighty times the number of the human 
po})ulation of the globe) are contained in a cubic inch, but 
is rendered slightly viscid by the solid matters dissolved 
in tile plasma. ’ The blood is thus rendered heavier than 
water, its specific gravity being about 1*055. In other 
words, twenty cubic inches of blood have about the same 
w^eight as twenty-one cubic inches of water. 

The cor])uscles are heavier than the plasma, and their 
volume is usually somewhat less than that of the plasma. 
Of colourless corpuscles there are usually not more than 
thr©«k or four for every thousand of red corjiuscles ; but 
the proportion varies very much, increasing shortly after 
food is taken, and diminishing in the intervals between 
meals. Average blood may be regarded as consisting of f 
plasma and ^j^corpuscles. 

The blood is hot, its temperature ])eing about 37^^ C. 
(98-fl F.). 

7. The General Composition of Blood. — Considered 
chemically, the blood is a faintly alkaline fluid, consisting 
of water, of solid and of gaseous matters. 
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The proportions of these several constituents vary ac- 
cording to age, sex, and condition, hut the following 
statement holds good on the average : — 

In every 100 parts of the hlood there are 70 parts of 
water and 21 parts of dry solids ; in other words, the 
water and the solids of the blood stand to one another in 
about the same proportion as the nitrogen and the oxygen 
of the air. Roughly speaking, one (quarter of the blood is 
dry, solid matter ; three quarters water. Of the 21 j).arts 
of dry solids, 12 ( = f ths) belong to the corpuscles. The 
remaining 9 are about two-thirds (6*7 parts — f ths) proteids 
(substances like white of egg, coagulating by heat), and 
one-third ( — 1th of the whole solid matter) a mixture of 
saline, fatty, and carbohydrate matters and sundry 
products of the waste of the body, such as urea. 

The total quantity of gaseous matter contained in the 
blood is equal to rather more than half the rohime of the 
blood ; that is to say, 100 c.c. (or 1(X) cu])ic inches) of 
blood will contain about 60 c.c. (or 60 cubic inches) of 
gases. These gaseous matters are carbonic acid, oxygen, 
and nitrogen ; or, in other words, the same gases as those 
which exist in the atmosphere, but in totally different 
proportions ; for whereas air contains nearl5«ii;hree-fourths 
nitrogen, one-fourth oxygen, and a mere trace of carbonic 
acid, the average composition of the blood gases is about 
two-thirds or more carbonic acid, and one-third or less 
oxygen, the quantity of nitrogen being exceedingly small, 
only 1-2 c.c. in 100 c.c. of blood. 

It is important to o])vserve that blood contains much 
more oxygen gas than could be held in solution by pure 
water at the same temperature and pressure. This power 
of holding oxygen depends upon the red cVpuscles, the 
oxygen thus held by them being readily given up for 
purposes of oxidation. The connection between the 
oxygen and the red corpuscles is of a peculiar nature, 
being a sort of loose chemical combination with one of 
their constituents, and that constituent is, as we have said 
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previously, the h«‘emoglobin ; for solutions of hjemoglobin 
behave towards oxygen almost exactly as ])lood does. 
Similarly the i)lood contains more carbonic acid than 
(^)iild be Jield in solution by pure water at the same tem- 
pQrature and pressure. But unlike the oxygen, the 
carl>oiiic acid thus held by blood is not peculiarly associated 
with the hfemoglobin of the red corjmscles ; in fact it 
seems to be chiefly retained by some constituents of the 
plasma. 

The corpuscles differ chemically from the plasma, in 
containing a large proportion of the fats and phosjfliates, 
all the iron, and almost all the potassium, of the blood ; 
while the plasma, on the other hand, contains by far the 
greater part of the chlorine and the sodium. 

The blood of adults contains a larger proportion of 
solid constituents than that of children, and that of men 
more than that of women ; but the difference of sex is 
hardly at all exhibited by persons of flabby, or what is 
called lymphatic, constitution. 

Animal diet tends to increase the quantity of the red 
corpuscles ; a vegetable diet and abstinence to diminish 
them. Bleeding exercises the same influence in a still 
more marked degree, the quantity of red corpuscles being 
diminished thereljy in a much greater proportion than 
that of the other solid constituents of the blood. 

8. The Proteids of Plasma. — By cooling or the 
addition of certain neutral salts the clotting of blood is 
rtjCfflUed or even entirely prevented. The corpuscles may 
now be removed and the plasma obtained as a clear 
faintly yellow and slightly alkaline liquid composed of 
about flO per cent, water and 10 per cent, of solids in 
solution. fhe solids consist chiefly of that kind of 
material which we have so frequently spoken of as proteids. 
Since these proteids are typical of their class, and since 
proteids are without doubt the most important substances 
met with in the body, it will be as well to state at once 
what are the essential characteristics of a proteid. 
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Proteids are, in the first place, extremely complex 
substances, so much so that chemists have not as yet been 
able to determine their constitution or assign any 
formula to them. Some are soluble in water, others only 
soluble in solutions of a neutral salt such as sodium 
chloride, while others are insoluble in either of the preced- 
ing solvents. When heated, with but few exceptions, they 
are altered or coagulated, as in the well-known change 
which the white of an egg, itself a typical proteid, under- 
goes when boiled. 

In the next place proteids are composed of the four 
elements, carbon, hydrogen, oxygen and nitrogen, with 
fre(|uently a small amount of sulphur ; of these the 
nitrogen stands out as having a supreme importance. All 
the tissues of the body contain nitrogen and are continually 
undergoing a nitrogenous waste, and the body is quite 
unable to make use of nitrogen for the repair of this 
waste except it is presented in the form of a j>roteid. 
The general percentage composition of proteids is, 
roughly speaking, the same for all of them, and varies but 
slightly on either side of the following numbers : — carbon 
53 parts, oxygen 22, hydrogen 7, nitrogen 16, and sulphur 
1-2. In the absence of any formula this percentage 
composition becomes a most important characteristic. 

All proteids give the three folh^wing reactions. 

(i) When boiled with nitric acid they turn yellow, and this 
yellow turns to orange on the addition of ammonia. 

(ii) Boiled with Million’s reagent (a mixture of the n^'i’i^aios 
of mercury) they give a pink colour. (iii) When mixed 
with caustic soda and a small amount of a solution of 
sulphate of copper they give a violet colour. These 
reactions suffice for the detection of any proteid in solution 
or as a solid. 

The solids in the plasma of blood are chiefly proteids 
and are three in number. The first is known as 
fibrinogen and is precipitated by the addition to plasma 
of 15 per cent, of sodium chloride (ordinary salt). This 



Ill 


THE PROTEIBS OF PLASMA 


109 


result is readily attained by adding to the plasma an 
equal volume of a saturated solution of sodium chloride 
which contains about 30 per cent, of salt. The fibrinogen 
separates out from solution as a fine, flocculent, viscid 
precipitate. Fibrinogen is characterised by the fact 
that it “sets” or coagulates when heated in solu- 
tion to 50" C. (132'" F.). The second is called para- 
globulin and is similarly precipitated when the 



Pig. 35.— Network op Filaments left after washing away the 
Colouring Matter from a thin, flat Clot of Blood. (Kanvter.) 

plasma from which the fibrinogen has been removed is 
subsequently saturated by the addition of as much sodium 
chloride as it vvill dissolve. It coagulates when heated in 
solution, at a temperature much higher than does 
fibrinogen, namely 75'' C. (167" F.). The third is known 
as serum-albumin. It may, roughly speaking, be 
regarded as very like that kind of albumin with which 
every one is familiar in the white of an egg, and while it 
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coagulates when heated to 75 C. (167^ F.) as does para- 
globulin, it differs from paraglobulin and also fiNuu 
fibrinogen by not being precipitated when its soluticm 
is saturated with sodium chloride. 

The different precipitability of fibiinogen and })aivT' 
globulin in presence of varying amounts of sodiuin 
chloride or other “neutral ” salt, such as the sulphates of 
sodium and magnesium, has been the starting point of all 
investigations on the processes concerned in the clotting 
of blood ; we may therefore now j>roceed very appro- 
priately to deal with the nature and causes of this 
striking phenomenon. 

9. The Clotting of Blood. — If a drop of blood be 
spread out in a thin layer on a slide and kept from 
drying it soon becomes solid and gelatinous, as in the 
second experiment described on p. 94. When this solid is 
carefully washed, by streaming water over it very gently, 
the colouring matter is removed and a coarse network of 
extremely delicate fibres or filaments remains. (Fig. 35). 

These filaments are formed in the blood and 
traversing it in all directions, uniting with one another 
and binding the corpuscles together, are the cause 
of the blood having become a semi -solid mass. The 
filaments are composed of a substance called fibrin ; 
hence it is this formation of fibrin which is the cause of 
the solidification or clotting of the blood ; but the 
phenomena of clotting, which are of very great 
importance, cannot be properly understood unt;[b ^he 
behaviour of the blood when drawn in much larger 
quantity than a drop has been studied. 

When, by the ordinary process of opening a vein with 
a lancet, a quantity of blood is collected into a basin, 
it is at first 23erfectly fluid : but in a very few minutes it 
becomes, through clotting, a jelly-like mass, so solid that 
the basin may be turned upside down without any of the 
blood being spilt. At first the clot is a uniform red jelly, 
but very soon drops of a clear yellowish watery-looking 
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fluid make their a})|>earance on the Hurface of the clot, and 
between it and the sides of the basin. These drops in- 
crease in number, and run together, and after a while it 
has become apparent that the originally uniform jelly has 
fteparated into two very ditiei-ent constituents — the one a 
clhar, yellowish liquid; the other a red, semi-solid, slightly 
shrunken mass, which lies in the li([uid. The licjuid 
exudes from the coloured mass because the latter shrinks 
and so squeezes it out. 

The liquid is called the serum ; the semi-solid mass 
the clot. Now the clot obviously contains the cor- 
puscles of the bhiod, bound together by some other 
substance ; and this last, if a small part of the clot be 
examined microscopically, will be found to be that 
fibrous-looking matter, fibrin, w hich has been seen form- 
ing in the drop of blood. Thus the clot is made up 
of the corj)uscles plus the fibrin of the plasma, while the 
serum is the plasma minus the fibrinous elements w hich 
it contained. 

The corpuscles of the bloo<l are slightly heavier than 
the plasma, and therefore, when the blood is drawn, they 
tend to sink very slowly towards the bottom, ])ut as a 
rule clotting is complete before the corpuscles have had 
time to sink appreciably. When, on the other hand, the 
blood clots slowdy, the corpuscles, have so much time to 
sink that the upper stratum of plasma becomes quite free 
from red corpuscles before the fibrin forms in it ; and, 
continently, the uppermost layer of the clot is nearly 
it then receives the name of the huffy coat. This 
is well seen in the blood of the horse, which clots with 
remarkable slowness. 

If the blood is “whipped” with a bunch of twigs as 
soon as it is drawn from the body, clotting takes place as 
before, but in this case the clot is broken up as fast as it 
is formed. Under these circumstances the fibrin collects 
upon the twigs, and a red fluid is left behind, consisting 
of the serum phis the red corpuscles and many of the 
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colourless ones. The fibrin adhering to the twigs may 
readily be washed in a stream of water, and as thus 
obtained is a white, stringy, elastic and very insoluble 
substance. It gives, when tested, all the reactions 
characteristic of proteids, and is in fact itself a proteid, 
although somewhat impure. 

The clotting of the blood is hastened, retarded, or 
temporarily prevented by many circumstances. 

(a) Tenqierature. — A temperature up to or slightly 
above 40" C. (104" F.) accelerates the clotting of the 
blood ; a low one retards it very greatly ; so much so 
that blood kept at a temperature close to freezing 
point may remain fluid for a very long time indeed. 

(h) The addition of neutral salts to the blood. — Many 
salts, and more especially sulphate of sodium or mag- 
nesium and sodium chloride (common sidt), dissolved in 
the blood in sufficient quantity, prevent its clotting ; 
but clotting sets in when w^ater is added, so as to 
dilute the saline mixture. 

(c) Contact ^mth living oi' not living matter. — Contact 
with not living matter promotes the clotting of the 
blood. Thus, blood drawn into a basin begins to clot 
first where it is in contact with the sides of the 
basin ; and a wire introduced into a living vein will 
become coated with fibtiia, although perfectly fluid blood 
surrounds it. 

On the other hand, direct contact with living matter 
retards, or altogether prevents, the clotting of the bljwd. 
Thus, blood remains fluid for a very long time in a portion 
of a vein which is tied at each end. The heart of a turtle 
remains alive for a lengthened period (many hours or 
even days) after it is extracted from the body ; and, so 
long as it remains alive, the blood contained in it will 
not clot, though, if a portion of the same blood be removed 
from the heart, it will clot in a few minutes. Blood 
taken from the body of the turtle, and kept from 
clotting by cold for some * time, may be poured into 
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the separated, but still living, heart, and then will 
not clot. 

Freshly deposited fibrin acts somewhat like living 
matter, coagulable blood remaining fluid for a long time 
^ tubes coated w ith such fibrin. 

The cl (d ting of blood being thus due to the apjiearance 
ill it of fibrin we may now consider how and why it is 
formed when blood is shed. 

The clotting of the blood is an altogether physico- 
chemical process, dejiendent upon the properties of 
certain of the constituents of the jdasma. This is jiroved 
by the fact that if common table salt be gradually added 
to blood plasma which has been kept from clotting by 
cold, or by the action of neutral salts, a white, floc- 
culent, somewhat viscid substance is thrown down or 
precipitated as soon as sufiicient salt has been added. 
The substance so thrown down is known by the name 
of pla/Smine ' and may be separated by filtration, and 
jiurified by washing with a concentrated solution 
of salt, in which it is insoluble. It is not fibi-dn, for 
whereas fibrin is characteristically insoluble, this 
substance is readily soluble in distilled water, giving a 
clear limpid solution. But this solution does not long 
remain so ; unless special precautions, such as exposing 
to cold, &c., be taken, it soon becomes viscid, then turns 
into a jelly, and at last forms an unmistakable clot of 
true fibrin. The substance in question is tliei'efore an 
of fibrin, which, by some changes or other, is 
converted into fibrin ; that is to say, the clotting of blood 
is due to the conversion of this soluble antecedent of 
fibrin into insoluble fibrin. 

The exact ifature of the changes involved in this con- 
version have not even yet been thoroughly worked out ; 
but the following facts throw a good deal of light on 
them : — The pericardium and other serous cavities in the 
body, contain a clear fluid, which may be briefly described 
as consisting of the elements of the blood without the 

I 
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red blood-corpuscles. This fluid sometimes clots spon- 
taneously, as the blood plasma would do, but very often 
shows no disposition to clot spontaneously, especially if 
it is not removed from the body until some hours after 
death. When the latter is the case, the fluid may nevei^V 
theless be made to clot and yield true fibrin, by adding 
to it a few drops of whipped blood, i.e. of blood which has 
clotted, or a little serum of blood. Now if a specimen of 
pericardial fluid, which has been thus observed not to clot 
spontaneously, but to clot readily on the addition of 
blood or serum, be treated with salt in the same way as 
described above for blood plasma, a substance will be 
thrown down, which, at first sight, looks exactly like that 
thrown down from blood plasma. But there is a great 
difference, for the substance thus obtained from peri- 
cardial fluid when dissolved in water will not clot 
spontaneously, though its solutions may be made to clot 
at any time by the addition of a little serum, or whipped 
blood. It, too, may therefore be spoken of as an ante- 
cedent of fibrin, and indeed it was on this account that 
it first received the name of fibrinog’en, or “fibrin 
maker,” having been obtained from serous fluids before it 
was shown to be present in plasma. It is undoubtedly 
present in the substance thrown down by salt from blood 
plasma, but then it is mixed with other bodies ; and the 
presence of some or other of these bodies seems to be the 
reason why in this case it is converted into fibrin, and 
so gives a clot. Conversely the absence of this body or 
these bodies from pericardial fluid is the reason why peri- 
cardial fluid or fibrinogen prepared from pericardial fluid, 
does not clot spontaneously. 

We have previously described how this fibrinogen may 
be separated from plasma. If, now, the yellow fluid or 
serum which exudes from a blood-clot be treated with 
salt in a similar way (see p. 109) no fibrinogen can ever be 
obtained from it, while on the other hand it is found 
to cowtain both paraglobulw and serum albumin. 
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A comparison of plasma and serum thus shows that 
during clotting, i.e. during the formation of fibrin, one 
constituent of the plasma, namely, fibrinogen, disappears, 
the other two proteids being left to appear in the serum. 

Putting these facts together there can be no doubt that 
when bl(jod clots the fibrin is formed out of fibrinogen. 
But there must also be some substance in blood after it is 
shed which leads to the conversion of fibrinogen into 
fibrin ; for pericardial and other serous fluids contain 
fibrinogen, but do not usually clot, and purified solutions 
of fibrinogen never clot spontaneously. What is this 
substance ? 

If serum be precipitated with an excess of strong 
alcohol and after some weeks the precipitate is collected 
and extracted with distilled water, this watery extract 
contains very little solid matter, but is found to be active 
in causing the conversion of fibrinogen into fibrin. We 
do not as yet know exactly what the substance is in this 
extract which brings about the change of the fibrinogen, 
but for reasons into which we cannot now enter, it is 
classed with the “ferments,” of which we shall have to 
speak when we come to consider digestion. These fer- 
ments are characterized by their power, even when 
present in small quantities, of producing great changes in 
other bodies without themselves entering into the changes. 
Thus the particular ferment of which we are speaking, 
and which has been called ‘‘fibrin ferment,” produces 
fibrin, and yet does not itself become part of the fibrin so 
produced. 

This ferment is apparently not present in healthy blood 
as it circulates in the living blood-vessels, but makes its 
appearance When the blood is shed. We do not know 
exactly from what source it comes, but there are reasons 
for thinking that it arises from a breaking down of some 
kind of wdiite corpuscle, or it may be of the blood- 
platelets. 

Finally, then, we may eay that fibrin m mch does not 

i 
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exist in the blood at the moment ({f its being shed, bnt makes 
its appearance af tenon rds on accovnt of the action of fibrin 
foment on fibrinogen^ other bodies as ivell being possibly 
concerned in the matter. 

10. The Quantity and Distribution of Blood iif. 
the Body. — The total quantity of blood contained in the 
body varies at different times, and the precise ascertain- 
ment of its amount is very difficult. It may probably be 
estimated, on the average, at not less than one-thirteenth 
or about 7 ])er cent, of the weight of the body. 

Its distribution may be stated in round numbers as 
follows : — 

One quarter, in the heart, lungs and large blood- 
vessels. 

One quarter, in the liver. 

One quarter, in the skeletal muscles. 

One quarter, in the other organs of the body. 

11. The Functions of the Blood.— The function of 
the blood is to supply nourishment to, and take away 
waste matters from, all parts of the body. All the 
various tissues may be said to live on the blood. From 
it they obtain all the matters they need, and to it they 
return all the waste material for which they have no 
longer any use. It is absolutely essential to the life of 
every part of the body that it should be in such relation 
with a current of blood, that matters can pass freely 
from the blood to it, and from it to the blood, by transu- 
dation through the walls of the vessels in which the blood 
is contained. And this vivifying influence depends upon 
the corpuscles of the blood. The proof of these state- 
ments lies in the following experiments : — If the vessels 
of a limb of a living animal be tied in such manner as to 
cut off the supply of blood from the limb, without affect- 
ing it in any other way, all the symptoms of death will 
set in. The limb will grow pale and cold, it will lose its 
sensibility, and volition will no longer have power over it j 
it will 3tiffen, and eventually mortify and decompose, 
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But, if the ligatures 1)o removed before the death 
stiffeniug has become thoroughly established and the 
blood })e alloAved to flow into the liml), the stiffening 
^speedily ceases, the temperature of tlie part rises, the 
l^ensibility of the skin returns, the will regains power over 
the muscles, and, in short, the part returns to its normal 
condition. 

If, instead of simply allowing the blood of the animal 
operated upon to flow again, such blood, deprived of its 
fibrin by whipping, but containing its corpuscles, be arti- 
ficially passed through the vessels, it will be found nearly 
as effectual a restorative as entire blood ; while, on the 
other hand, the serum (which is equivalent to whipped 
blood without its corpuscles) has no such effect. 

It is not necessjiry that the blood thus artificially in- 
jected should be that of the subject of the experiment. 
Men, or dogs, bled to a})parent death, nmy be^at once and 
effectually revived ))y filling their veins with blood taken 
from another man, or dog ; an operation which is known 
by the name of tranafusion. 

Nor is it absolutely necessary for the success of this 
operation that the blood used in transfusion should belong 
to an animal of the same s]>ecies. The blood of a horse 
will permanently revive an ass, and, speaking generally, 
the blood of one animal may be replaced without injurious 
effects by that of another closely-allied s})ecies ; while 
that of a very different animal will be more or less in- 
jurious, and may even cause immediate death. 

12. Lymph : its Character and Composition. — 
Lymph, as previously explained, is the fluid which fills 
the lymphatic vessels, and at the place where it is first 
formed is a mere overflow of fluid from the blood through 
the walls of the capillaries. This exudation of fluid may 
also be accompanied by a migration of some of the 
colourless corpuscles of the blood. Hence it is at once 
evident that lymph may, broadly speaking, be regarded 
as so much blood mimis its red corpuscles. 



118 


ELEMENTARY PHYSIOLOGY 


LESS. 


Lymph is most easily and plentifully obtained for 
examination from the thoracic duct. As procured from 
this vessel it has the advantage of being representative of 
an average specimen of lymph, since it is a mixture of 
fluid collected from nearly all parts of the body. But tlVb 
precaution must be taken to collect the lymph from a 
fasting animal in order to avoid the complication due to 
admixture of the lymph from the body generally with 
certain special substances which are taken up by the 
lymphatics of the intestine after a meal. After a meal, 
the lymph from the alimentary canal difiers strikingly, 
in one respect, as we shall see later on, from that which 
comes from it in the absence of food. Taking lymph, 
then, from the thoracic duct of a fasting animal, in which, 
however, the lymph from the intestine still joins the 
lymph formed in the rest of the body, it is found 
to be a transparent, faintly yellow fluid. When 
examined under the microscope it is seen to contain a 
number ^ of corpuscles, the Ijonph-corpuscles or 
leucocytes, very similar to the colourless corpuscles of 
blood, though perhaps on the whole rather smaller, and 
like the latter showing amoeboid movements, esi)ecially 
if kept warm. These leucocytes may rej)resent some of tlie 
white blood-corpuscles which migrated from the vessels, 
but by far the larger number are formed in the lym- 
phatic glands (see p. 91). 

When examined chemically lymph is found to contain 
the same salts as are present in plasma and in about the 
same amount : the total solids are, however, considerably 
less than in plasma,^ and this is due to a deficiency of 
proteids. But the proteids present in lymph are tJie 
same in kind as the three already described as found in 
plasma, viz., fibrinogen, paraglobulin and serum albumin. 

1 Equal on the average to the number present in blood, so that in a 
drop of lymph very few would be seen and often none at all. 

2 Only about 5 per cent, of its weight as compared with 8 to 10 per 
cent, in plasma. 
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Hence lymph clots when left to itself and yields tihriii 
identical with that obtained from blood, only in smaller 
quantities so that the clot is less firm than from blood. 

^ ^Some gas may also be extracted from it, but in the absence 
\)f red corpuscles the amount of oxygen it yields is scarcely 
appreciable ; the bulk of the gas is carbonic acid and a 
very small amount of nitrogen. 

Average lymph is therefore very similar to plasma 
somewhat diluted with water ; but it is important to 
notice from what has been said above that the dilution 
does not aftect the salts and the proteids to the same 
extent. Neither is the dilution the same in lymj3h col- 
lected from different regions of the body. Thus lymph 
from the arm or leg contains less, and lymph from the 
liver more solid matter than is present in average mixed 
lymph from the thoracic duct. The significance of 
these facts will become apparent when we speak of the 
probable mode of formation of lymph. While lymph thus 
differs in composition when derived from various parts of 
the body, it also differs when collected from the same part 
at different times. Usually the difference is slight, but in 
the case of one source it is marked and important. In a 
fasting animal the lymph coming from the intestines is 
essentially the same as average lymph : but after food 
has been taken, and especially if the food contains 
much fat, and food always contains some fat, this lymph 
appears to be quite white or “milky.” Owing to the 
thinness of the walls of the lymphatics the contents 
are visible from their exterior, so that the vessels also 
appear white or milky, and hence this particular set of 
lymphatics is known as the lacteals, and the contents 
are called cltyle. The only difference between chyle and 
the lymph ordinarily present in the lagteals is that chyle 
holds in suspension a large amount of fat (from 5 to 15 
per cent.) in a state of extremely fine division. These 
minute particles of fat reflect a great deal of the light fall- 
ing upon them and hence the fluid appears white. Some 



120 


ELEMENTARY PHYSIOLOGY 


LESS. 


of the fat in chyle exists in the form of minute glohules, 
similar to those present in milk, but the larger })art is so 
finely divided that it can fuily be spoken of as “gran- 
ules ” and' in this form is known as the moleaddr h((.sis of 
chyle. 

13. The Mode of Formation of Lsrmph.- In all which 

we have so far said res})ecting lymph we have spoken of it 
merely as an exudation of fluid from the walls of the ca}>il- 
laries. The word “ exudation ’’was used purposely, as not 
implying more than that some of the li<|uid part of the 
blood passes out into the tissues, and certainly as not ex- 
pressing any view as to the nature of the processes concerned 
in that passage. But now that we have dealt with the 
composition of lymph, and especially since w^e have seen 
that the composition varies according to the part of the 
body from which it flow^s, we may profitably consider what 
are the cituses which in the first place lead to the pi’esence 
of lymph in the lyifiph spaces of the tissues. 

Two processes suggest themselves at once as possilde 
causes ; these are filtration and diffusion. A\hth the 
first of these every one is more or less familiar, and we 
need say no more than that it consists in the passage of 
fluid and of substances in solution through a porous mem- 
brane as the result of a diflerence of ]>reHsure on the two 
sides of the membrane. Diffusion, on the other hand, is, 
broadly speaking, independent of the difference of pressure 
necessary to cause filtration. A simjde experiment shows 
at once the essential feature of diffusion. Tie a piece of 
jjarchment paper tightly over the wide end of an ordinary 
‘‘thistle tube ” as used by chemists. Then fill the bulb 
and about one inch of the tube with a strong (20 per cent. ) 
solution of sugar or common table-salt and* fix the tube 
vertically, as in Fig. 36, in a beaker of water, so that the 
surface of the solution in the tube is at the same level as 
that of the water in the beaker. In a short time the sugar 
or salt begins to pass out through the paper and may be 
detected in the water in the beaker. At the same time 
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water passes threugh the pa}>er in the o})posite direction 
into the tu])e and in considerable (quantity, so that the 
li<jiiid rises in the narrow part of the tube and may ulti- 
jnately stand several indies above the surface of that 
vvhidi is in the Ijeaker. 

Substituting the wall of the capillaries for the paper used 
in the preceding exjieriment we have the conditions 
necessary for a possibly diffusive 
interchange between the blood on 
the one side of that wall and the 
fluid in the tissues on the other. 

Hut here we may say at once that 
diffusion will not account to any 



marked extent for the formation of 
lymph. In support of this state- 
ment it may suflice to point out 
that lymjjh contains a considerable 
amount of proteids, and these are 
characteristically n on-diffusible. ^ 

On the other hand the blood- 
pressure in the capillaries, though 
much less than in the arteries, is not 
inconsiderable, and is exerted 
against the walls of these vessels, 
(.^an we then account for the for- 
mation of lymj)h as the result of 
filtration ? Here again we may at 
once say that the passage of fluid 
through* the walls of the ca])illaries 



FlO. 3G.— To iLLrSTRATK A 
Simple Experiment on 
Diffusion. 

t.f. thistle tube ; p.p. 
parchment jiaper ; /?. supar 
or salt solution ; b. beak- 
er ; u\ water in beaker. 


under the influence of pressure has 


a great deal to do with the formation of lymph. We 
are justified •in this view by the fact that, as a 
general rule, increase of blood-pressure in the capillaries 
leads to an increased flow of lymph from the parts 


^ Substances such as the proteids of blood, also gelatin, which will not 
diffuse, arc known as colloids, in contradistinction to crystalline sub- 
stances or crystalloids, which diffuse readily. 
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they supply. But we must not conclude therefore 
that the process is entirely due to tiltiation. Experi- 
ments may he made in which while we know tliat the 
blood-pressure in the capillaries is much greater thap 
usual, no increased formation of lymph takes plaQe. 
Again, it is possible by certain means to obtain a greatly 
increased flow of lymph from parts in whose capillaries 
there is no obvious increase of blood -pressure. Neither 
of these results would hold good in the case of any ordin- 
ary filter. But in the fese of lymph, as a matter of fact, 
it is not an ordhiary filter which we have to deal with. 
The wall of a capillary is made of cells which are alive and 
are thus able to eha^ige their condition from time to time. 
By this means the capillary wall is, as it were, the master 
of the current of fluid passing across it under varying 
filtrational pressure, and can determine not only how much 
fluid shall pass, but in what relative pro2)ortions its 
several constituents shall make their exit. When once 
this idea is clearly grasped many difliculties disa2)i)ear. 
We can understand more easily why the lymph diflers in 
composition as formed in various parts of the body. We 
see why arterial dilation is less potent to increase lymph 
formation than is venous obstruction, for although they 
both increase the blood-pressure in the capillaries, venous 
obstruction is necessarily accompanied by a stagnation of 
blood which presumably alters the condition of the capil- 
lary wall. We can also now more easily appreciate many 
details of inflammation as previously described (p. 82 ). 

The formation of lymph may thus be regarded as the 
result of the passage under pressure of certain constituents 
of the blood-plasma through the walls of the capillaries, 
the passage being made peculiar aiid unlike an ordinary 
filtration by the infiusnce of the living uxdU of the vessels 
through which it is talcing place.. 



IV 

EESPIRATION 

1. The Gases of Arterial and Venous Blood.— The 

blood, the general nature and properties of which have 
been described in the preceding Lesson, is the highly 
complex product, not of any one organ or constituent 
of the body, but of all. Many of its features are doubt- 
less given to it by its intrinsic and proper structural 
elements, the corpuscles ; but the general character of 
the blood is also profoundly affected by the circumstance 
that every other part of the body takes something from 
the blood and pours something into it. The blood may 
be compared to a river, the nature of the contents of 
which is largely determined by that of the head waters, 
and by that of the animals which swim in it ; but which 
is also very much affected by the soil over which it 
flows, by the water-weeds w^hich cover its banks, and 
by affluents from distant regions ; by irrigation works 
which are supiflied from it, and by drain-pipes which flow 
into it. 

One of the most remarkable and important of the 
changes effected in the blood is that which results, in 
most parts of the body, from its simply passing through 
capillaries, or, in other words, through vessels the walls 
of which are thin enough to permit a free exchange 
between the blood and the fluids which permeate the 
adjacent tissues (Lesson II.). 

Thus, if blood bS taken from the artery which supplies 
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a limb, it will be found to have a bright scarlet colour ; 
while blood drawn, at the same time, from the vein of the 
limb, will be of a dark purplish hue. And as this con- 
trast is met with in the contents of the arteries and veins in *• 
general (except the pulmonary artery and veins), the 
scarlet blood is commonly known as arterial and the 
dark blood as venous. 

This conversion of arterial into venous blood takes 
place in most parts of the body, while life persists. Thus, 
if a limb be cut olF and scarlet blood be forced into its 
arteries by a .syringe, it will issue from the veins as dark 
blood. 

When specimens of venous and of arterial blood are 
subjected to chemical examination, the differences pre- 
sented by their solid and fluid constituents are found to 
be very small and inconstant. But the gaseous contents 
of the two kinds of blood differ widely in the proportion 
which the carbonic acid gas bears to the oxygen ; there 
being a smaller quantity of oxygen and a greater quantity 
of carbonic acid, in venous than in arterial blood. 

Every 100 volumes of blood contain about 60 volumes 
of gases. These may be extracted by placing the blood 
in a vessel connected with the vacuum of a mercurial 
pump. The reduction of pressure on the surface of the 
blood leads to a rapid exit of the gases into the vacuum ; 
they can now be collected and measured and their respec- 
tive volumes determined. The composition of the blood- 
gases is thus found to be the following : — 

Arterial Blood. Venous Blood. 

Oxygen 20 vols 8-12 vols. 

Carbonic acid ... 40 ,, ^6 ,, 

Nitrogen 1-2 ,, 1-2 ,, 

This diflference in their gaseous contents is the only 
essential difference between venous and arterial blood, as 
may be demonstrated experimentally. For if venous 
blood be shaken up with oxygen, or even with air, it 
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gains oxygen, loses carbonic acid, and takes on the colour 
and properties of arterial blood. Similarly, if arterial 
blood be treated with carbonic acid so as to be thoroughly 
-saturated with that gas, it gains carbonic acid, loses 
oxygen, and acquires the true properties of venous blood ; 
though, for a reason to be mentioned below, the change 
does not take place so readily nor is it so complete in this 
case as in the former. The same resiilt is attained, though 
more slowly, if the blood, in either case, be received into 
a bladder, and then placed in the oxygen, or carbonic acid ; 
the thin moist animal membrane allowing the change to 
be effected with perfect ease, and offering no serious im- 
pediment to the passage of either gas. 

Venous blood is characterized not only by the large 
amount of carbonic acid which it contains, but also by the 
’ fact that the red corpuscles have given up a good deal of 
• their oxygen for the purposes of oxidation, or, as the 
chemists would say, have become reduced. This is the 
reason why arterial blood is not so easily converted into 
venous blood by exposure to carbonic acid as is venous 
blood into arterial by exposure to oxygen. There is, in 
the former case, a want of some oxidizable substance to 
carry off the oxygen from and so to reduce the red cor- 
puscles. When such an oxidizable substance is added (as, 
for instance, either ammonium sulphide or Stokes’ re- 
agent the blood at once and immediately becomes com- 
pletely venous. 

Practically we may say that the most important differ- 
ence between venous and arterial blood is not so much 
the relative quantities of carbonic acid as that the red 
corpuscles of venous blood have lost a good deal of oxygen, 
are reduced, Snd ready at once to take up any oxygen 
offered to them. 

Similarly the loss of oxygen by the red corpuscles is 
the chief reason why the scarlet arterial blood turns 

1 This is made by mixing some tartaric acid with a solution of ferrous 
sulphate and then adding amioema until the mixture is alkaline, 
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of a more purple or claret colour in becoming venous. 
It has indeed been urged that the red corpuscles are 
rendered somewhat flatter by oxygen gas, while they are 
distended by the action of carbonic acid (Lesson III. , p. 98).^ , 
Under the former circumstances they may, not improb- 
ably, reflect the light more strongly, so as to give a more 
distinct colouration to the blood ; while, under the latter, 
they may reflect less light, and, in that way, allow the 
blood to appear darker and duller. 

This, however, can only be a small part of the whole 
matter ; for solutions of haemoglobin or of blood-crystals 
(Lesson III.), even when perfectly free from actual blood- 
corpuscles, change in colour from scarlet to purple, ac- 
cording as they gain or lose oxygen. It has already been 
stated (p. 98), that oxygen most probably exists in 
the blood in loose combination with haemoglobin. And 
further, a solution of haemoglobin, when thus loosely 
combined with oxygen, has a scarlet colour, while a solu- 
tion of haemoglobin deprived of oxygen has a purplish 
hue. Hence arterial blood, in which the haemoglobin is 
richly provided with oxygen, is naturally scarlet, while 
venous blood, which not only contains an excess of car- 
bonic acid, but whose haemoglobin also has lost a great 
deal of its oxygen, is purple. 

The conditions under which the gases exist in blood are 
peculiar and important in connection with a point we 
shall have to discuss later on, namely h/m venous blood 
becomes arterial in the lungs and how arterial blood 
becomes venous in the tissues. As to the nitrogen, we 
may say at once that it is apparently in a state of simple 
solution, as though the blood were so much water. A 
very small part of the oxygen is similarly sisiply dissolved 
in the blood, but practically almost the whole of it is in a 
state of loose chemical combination with the hoemoglobin of 
the red corpuscles. The facts which prove this are simple 
and conclusive. In the absence of red corpuscles plasma 
and serum only absorb oxygen as (ioes an equal 
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quantity of water, namely about one volume per cent. ; 
but blood, where the red corpuscles are present, may con- 
tain as much as 20 volumes per cent, of oxygen. Again, 
.solutions of hiemoglobin absorb oxygen as readily and 
largely as blood does. Finally, the oxygen is known to 
be loosely combined with the haemoglobin, because when 
blood is subjected to a gradually increasing vacuum, the 
oxygen does not come off uniformly and progressively, 
as the vacuum is made greater, in the way it would if 
it were in mere solution ; on the contrary it escapes 
vnth a s'iMen rush after the, pressure has heeyi corhsiderahly 
reduced. 

The conditions under which carbonic acid exists in the 
blood may also be shown to be those of a loose chemical 
combination ; but beyond this fact our knowledge is 
'somewhat incomplete. It is known, however, that the 
• carbonic acid is combined chiefly in some constituents of 
the plasma and not with the corpuscles, and most 
authorities consider that the larger part is present in 
plasma united with sodium in the form of sodium bicar- 
bonate, NaHCOg. 

2. The Nature and Essence of Respiration.— All the 

tissues, as we have seen, are continually using up oxygen. 
Their life in fact is dependent on a continual succession 
of oxidations. Hence they are greedy of oxygen, while at 
the same time they are continually producing carbonic 
acid (and other waste products). The demand for oxygen 
is met by a supply from the red corpuscles, and the 
oxygen they give up passes through the walls of the 
capillaries, across the lymph and so to the cells of which 
the tissue is composed. At the same time the carbonic 
acid passes across the lymph in the opposite direction, 
through the capillary walls and into the blood, by which it 
is at once whirled away into the veins. The blood there- 
fore leaves the tissue poorer in oxygen and richer in 
carbonic acid than when it came to it ; and this change is 
the change from the arterial to the veppi^s (Rendition, 
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This gaseous interchange between the blood and the 
tissues is frequently spoken of as the respiration of 
the tissues or internal respiration. 

On the other hand, if we seek for the explanation of^ 
the conversion of the dark blood in the veins into the 
scarlet blood of the arteries, we hnd, 1st, that the blood 
remains dark in the right auricle, the right ventricle, and 
the pulmonary artery ; 2Rd, that it is scarlet not only in 
the aorta, but in the left ventricle, the left auricle, and 
the pulmonary veins. 

Obviously, then, the change from venous to arterial 
takes place in the capillaries of the lungs, for these are the 
sole channels of communication between the pulmonary 
arteries and the pulmonary veins. 

But what are the physical conditions to which the blood 
is exposed in the pulmonary capillaries ? 

These vessels are very wide, thin walled, and closely set, 
so as to form a network with very small meshes, which is 
contained in the substance of an extremely thin mem- 
brane. This membrane is in contact with the air, so that 
the blood in each capillary of the lung is separated, from 
the air by only a delicate pellicle formed by its own wall 
and the lung membrane. Hence an exchange very readily 
takes place between the blood and the air ; the latter 
gaining moisture and carbonic acid, and losing oxygen.^ 

This is the essential step in respiration. That it really 
takes place may be demonstrated very readily, by the 
experiment described in the first Lesson (p. 5), in which 
air expired was proved to differ from air inspired, hj con- 
taining more heat, more water, more carbonic acid, and 
less oxygen ; or, on the other hand, by putting a ligature 

o 

1 The student must guard himself against the idea that arterial blood 
contains no carbonic acid, and venous blood no oxygen. In passing 
through the lungs venous blood loses only a part of its carbonic acid ; 
and arterial blood, in passing through the tissues, loses only a part of its 
oxygen. In blood, however venous, there is in health always some 
oxygen ; and in even the brightest arterial blood there is actually about 
twice as much carbonic acid ^here is of oxygen, See the table on 
p. 124. ‘ ' ' 
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on the windpipe of a living animal so as to prevent air 
from passing into, or out of, the lungs, and then examin- 
ing the contents of the heart and great vessels. The 
blood on both sides of the heart, and in the pulmonary 
veins and aorta, will then be found to be as completely 
venous as in the vense cavie and pulmonary artery. 

But though the passage of carbonic acid (and hot 
watery vapour) out of the blood and of oxygen into it 
is the essence of the respiratory process — and thus a 
membrane with blood on one side, and air on the other, 
is all that is absolutely necessary to effect the purification 
of the blood — yet the accumulation of carbonic acid is so 
rapid, and the need for oxygen so incessant, in all parts 
of the human body, that the former could not be cleared 
away, nor the latter supplied, with adequate rapidity, 
without the aid of extensive and complicated accessory 
machinery — the arrangement and working of which must 
next be carefully studied, 

3. The Organs of Respiration.— The back of the 
mouth or pharynx communicates by Jwo channels with 
the external air (see Fig. 37, g.f.e.% One of these is 
formed by the nasal passages, which cannot be closed ])y 
any muscular apparatus of their own ; the other is 
})resented by the mouth, which can be shut or opened at 
will. 

Immediately behind the tongue, at the lower and front 
part of the pharynx, is an aperture — the glottis (Fig. 
38, Gl ) — capable of being closed by a sort of lid — the 
epiglottis (Fig. 37, e .) — or by the shutting together of 
its side boundaries, formed by the so-called vocal cords. 
The glottis opens into a chamber with cartilaginous walls 
— the larynx ; and leading from the larynx downwards 
along the front part of the throat, where it may be very 
readily felt, is the trachea, or windpipe (Fig. 37, c. Fig, 
38, Tr.). 

If the trachea be handled through the skin, it will be 
found to be firm and resisting. Its walls are, in fact, 
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strengthened by a series of cartilaginous hoops, which 
hoops are incomplete behind, their ends being united 



Fig. 87.— a Section of the Mouth and Nose taken vertically, a 

LITTLE TO THE LEFT OF THE MIDDLE IhNE. 

a, tlie vertebral column; h, the gullet; c, the wind-pipe; d, the 
thyroid cartilage of the larynx ; e, the epiglottis ; /, the uvula ; g, the 
opening of the left Eustachian tube ; 7i, the opening of the left lachrymal 
duct ; z, the hyoid bone ; k, the tongue ; 7 , the hard nalate ; m, n, the 
base of the skull ; o, p, q, the superior, middle, and inferior turbmal 
bones. The letters 17, /, c, are placed in the pharynx. 


only by muscle and membrane, where fhe trachea comes 
into contact with the cesophdg'm, or gullet. The trachea 
passes into the thorax, and there divides into two branches, 
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a right and a left, which are termed the bronchi (Fig. 
38, By.). Each bronchus enters the lung of its own side, 
and then breaks up into a great number of smaller 
branches, which are called the bronchioles or bron- 
chial tubes. As these diminish in size, the cartilages, 
which a)‘e continued all through the bronchi and their 



Fig. 38. — Back View of the Neck and Thorax of a Human Subject 
FROM WHICH THE VERTEBRAL COLUMN AND WHOLE POSTERIOR WALL 

OF THE Chest are supposed to be removed. 

M. mouth ; GI. glottis ; T)\ trachea ; L.L. left lung ; R.L, right lung ; 
Br. bronchus ; P, A. pulmonary artery ; P. V, pulmonary veins ; Ao. aorta ; 
D. diaphragm ; H. heart ; V.C.I, vena cava inferior. 


large ramifications, become smaller and more scattered^ 
and eventually disappear, so that the walls of the smallest " 
bronchial tubes are entirely muscular or membranous. 
Thus while the trachea and bronchi are kept permanently 
open and pervious to air by their cartilages, the smaller 



Fig. 39. 

A. Two infundibula (6) with the ultimate bronchial tube (ft) which 
opens into them. (Magnified 20 diameters.) 

B. Diagrammatic view of an air-cell of A seen in action ; a, epi- 

thelium ; 6, partition between two adjacent cell^, in the thickness of 
which the capillaries run. ; c, fibres of elastic tissue. < 

C. Portion of injected lung magnified : a, the capillaries spread over 
the wans of two adjacent air-cells ; b, small branched of arteries and 
veins. 

D. Portion stili more highly magnified. 


Each finer bronchiole ends at length in an elongated dila- 
tation about ^ of an inch in diameter on the average and 
known as an infundibllltim (Fig. 39, A. b). The wall 
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of an infundibulum sends flattened projections into its 
interior and thus forms a series of thin partitions by 
which the cavity of the infundibulum is divided up into a 
large number of little sfics or chambers. These sacs are 
the alveoli or air-cells. 

The very thin walls (Fig. 39, B b) which separate these 
alveoli are supported by much delicate and highly elastic 
tissm, and carry the wide and close-set capillaries into 
which the ultimate ramifications of the pulmonary artery 
pour its blood (Fig. 39, C, D). Thus, the blood contained 
in these capillaries is exposed on both sides to the air — 
being separated^ from the alveolus on either hand only by 
the very delicate pellicle which forms the wall of the 
capillary, and the lining of the alveolus. The partitions 
between the alveoli are covered with extremely thin 
flattened cells, which may be easily seen in the lung of a 
young animal but are reduced to almost nothing in the 
lung of an adult. 

The infundibula are bound together in groups by con- 
nective tissue to form larger masses termed lobules. 
These lobules are similarly bound together in groups to 
form lobes and the several lobes are united to form a 
lung. The blood-vessels, nerves and lymphatics of each 
lung are carried by the connective tissue which binds the 
whole together. 

The trachea is essentially a tube whose wall is strength- 
ened and whose bore is kept open by C-shaped hoops or 
rings of cartilage. These hoops lie imbedded in fibrous 
connective tissue in the outer part of the wall, in which 
also there is a certain amount of unstriated muscular 
tissue, running chiefly across the space between the ends 
of each cartilaginous hoop. The inner surface of the tube 
is lined with a mucous membrane.^ This consists of 

1 This name is applied generally to the membranes lining those in- 
toraal^passages of the body which communicate with its surface, such 
as the respiratory passages, the alimentary canal, and the bladder. 
Mucous membranes become continuous with the skin at the edge of the 
opening on the surface. They derive their name from the fact that they 
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an epithelium of ciliated cells, interspersed with 
mucous cells ; these lie on a distinct basement mem- 
bi’ane and below this is a small amount of lymphoid and 
elastic tissue. (Sec Lesson XII.) Between the mucous 
membrane and the outer layer which carries the hoops of 
cartilage, there is a certain amoup-t of areolar connective 



Fig. 40 .— Ciliated Epithelium Cells from the Trachea of the Rabbit, 

HIGHLY MAGNIFIED. (ScHAFER.) 

m2, m3, mucus-secreting^ cells lying between the ciliated cells and 
seen in various stages of mucin-formation. 


tissue (p. 86), in which some small mucous glands are 
imbedded ; this constitutes the submucous layer. The 
ciliated cells are elongated columnar cells with a large and 
distinct nucleus. During life the cilia vibrate incessantly 
backwards and forwards, but work on the whole in such a 
way as to sweep both liquid (mucus) and solid particles 
outwards or towards the mouth. (See also Lesson VII.) 
The mucous atid ciliated cells extend from the trachea into 
the smallest branches of the bronchi. 

are covered with a viscid secretion called mucus, whose cliaracteristic 
constituent, muedu, is secreted by special mucous cells or by smidl 
mucQus glands, imbedded in or lying beneath the membrane. 
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No conditions could be more favourable to a ready 
exchange between the gaseous contents of the blood and 
those of the air in the alveoli than the arrangements 
which obtain in the pulmonary capillaries ; and, thus far, 
the structure of the lung fully enables us to understand 
how it is that the large quantity of blood poured through 
the pulmonary circulation becomes exposed in very thin 
streams, over a large surface, to the air. But the only 
result of this arrangement would be, that the pulmonary 
air would very speedily lose all its oxygen, and become 
completely saturated with carbonic acid, if special pro- 
vision were not made for its being incessantly renewed. 
The renewal is brought about by the working of certain 
structural and mechanical arrangements which must now 
be described in detail. 

4. The Thorax and Lungs.— The lungs (and heart) 
are enclosed in what is practically an air-tight box, whose 
walls are movable. This box is the thorax. In shape it 
is conical, with the small end turned upwards, the back 
of the box being formed by the spinal column, the sides 
by the ribs, the front by the sternum or breast-bone, the 
bottom by the diaphragm, and the top by the root of the 
neck (Pig. 38). 

The two lungs occupy almost all the cavity of this box 
which is not taken up by the heart (Pig. 41). Each 
is enclosed in its serous membrane, the plexirR, 
a double bag (very similar to the pericardium, the chief 
difference being that the outer bag of each pleura is, over 
the greater part of its extent, quite firmly adherent to 
the walls of the chest and the diaphragm, while the outer 
bag of the pericardium is for the most part loose), the 
inner bag closely covering the lung and the outer forming 
a lining to the cavity of the chest ^ (Pig. 42, pL). So long 
as the walls of the thorax are entire, the cavity of each 

1 There is a small amount of fluid between the two surfaces of the 
pleura, to facilitate their rubbing easily against one another. This 

serous ‘ fluid is in reality, as is pericardial fluid, a form of lymph. 
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pleura is practically obliterated, that layer of the pleura 
which covers the lung being in close contact with that 
which lines the wall of the chest ; but if a small opening 



Fig. 41.-— Diagram of the Thorax showing the Position of the Heart 
AND Lungs. 

1-12, ribs ; 11-12, floating ribs ; s, sternum ; r, rib ; r.c, postal cartilages ; 
c, clavicle ; I, lungs ; «, apex of heart ; pmc. pericardium, cut edge. 


be made into the pleura, the lung at once shrinks to a com- 
paratively small size, and thus develops a great cavity 
between the two layers of the pleura. If a pipe be now 
fitted into the bronchus, and air blown through it, the 
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lung is very readily distended to its full size ; but, on 
being left to itself, it collapses, the air being driven out 
again with some force. The abundant elastic tissues of 
the walls of the air-cells are, in fact, so disposed as to be 
greatly stretched when the lungs are full ; and when the 
cause of the distension is removed, this elasticity comes 
into play and drives the greater part of the air out again. 



Fig. 42.— Tkans verse Section' of the Chest, with the Heart and 
Lungs in place. (A little diagrammatic.) 

jD.F. dorsal vertebra, or joint of the backbone ; Ao . A o ', aorta, the top 
of its arch being cut away in this section ; S.C. superior vena cava ; F.A. 
pulmonary artery, divided into a branch for each lung ; Z.P. R.P. left 
and right pulmonary veins ; Br. bronchi ; R,L. L.L. right and left lungs ; 
CE. the gullet or oesophagus ; p. outer bag of pericardium ; pi. the two 
layers of pleura ; v. azygos vein. 


The lungs are kept distended in the dead subject, so 
long as the walls of the chest are entire, by the pressure 
of the atmosphere acting down the trachea, bronchi and 
bronchioles upon the inner surfaces of the walls of the 
alveoli. For though the elastic tissue is all the while 
pulling, as it were, at the layer of pleura which covers the 
lung, and attempting to separate it from that which lines 
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the chest, it cannot produce such a separation without 
developing a vacuum between these two layers. To effect 
this, the elastic tissue must pull with a force greater than 
that of the external air (or fifteen pounds to the square 
inch), an effort far beyond its powers, which do not equal 



Pig. 43 , —Sternum viewed from the Front. 

1-7, points of attachment of first seven ribs ; cl. points of attachments of 
.clavicles (collar-bones) ; x, lower projecting end of sternum. 

one-fourth of a pound on the square inch. But the 
moment a hole is made in the pleura, the air enters into 
its cavity, the atmospheric pressure inside the lung is 
equalised by that outside it, and the elastic tissue, freed 
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from its opponent, exerts its full power on the lung and 
it collapses. 

5. The Movements of Respiration. —The hinder ends 
of the ribs are attached to tlie vertebral column so as to 



Fig. 44.— The Bony WAi4iS of the Thorax. 

a, &, vertebral column ; 1-12, ribs ; c, stenium ; d costal cartilages ; 
€, united cartilages of lower true ribs. 


be freely movable upon it. The front ends of the first 
ten pairs of ribs are connected either directly (first seven 
ribs), or indirectly (next three ribs), by the costal 
cartilages to the sternum^ the connection being therefore 
flexible (Figs. 41, 44, 45). When left to themselves the ribs 
take a position which is inclined obliquely downwards and 
forwards. 


140 


ELEMENTARY PHYSIOLOGY 


LESS. 


Two sets of muscles, called intercostals, pass between 
the successive pairs of ribs on each side. The outer set, 
called external intercostals (Fig. 45, A), run from 
the rib above, obliquely downwards and forwards, to the 





Fig. 45.— View of Four Ribs of the Dog with the Intercost al 

J^USCLKS. 

a, the hony rib ; 6, the cartilage ; c, the junction of bone and Uartilage ; 
a, unoasified, e, ossified, portions of the sternum, yi, external intercostal 
muscle ; B, internal intercostal muscle. In the middle interspace, the 
external intercostal has been removed to show the internal intercostal 
beneath it. 


rib below. The other set, internal intercostals (Fig. 
45, B)j cross these in direction, passing from the rib 
above, downwards and backwards, to the rib below. 

The action of these muscles is somewhat puzzling at 
first, but is readily understood if the fact that when a 
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mxisde contracts, it tends to shorteyi the distance hetxmen its 
two ends be borne in mind. Let a and h in Fig. 46, A, 
be two parallel bars, representing two consecutive ribs, 
movable by their ends upon the upright c, which may be 
regarded as the vertebral column at the back of the 
apparatus ; then a line directed from sc to ^ will be inclined 
downwards and forwards, and one from to z will be 
directed downwards and backwards. Now it is obvious 
from the figur4 that the distance between x and y is 



Fia. 46 . — Diagram of Models illustrating the Action of the 
External and Internal Intercostal Muscles. 

B, inspiratory elevation ; C, expiratory depression. 


shorter in B than in A and much shorter than in C ; 
hence when a? i/ is shortened the bars will be pulled up 
from the position C or A to or towards the position B. 
Conversely, the shortening of xo z will tend to pull the 
bars down from the position B or the position A to or 
towards the position C. 

If the simple apparatus just described be made of wood, 
hooks being placed at the points x y, and tv z ; and an 
elastic band be provided with eyes which can be readily 
put on to or taken off these hooks ; it will be found that 
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the band being so short as to be put on the stretch when 
hooked on to either x y, or w z, with the bars in the 
horizontal position, A, the elasticity of the band, when 
hooked on to x and y, will bring them up as shown in B ; 
while, if hooked on to tv and Zj it will bring them down as 
shown in C. 

Substitute the contractility of the external and internal 
intercostal muscles for the shortening of the band, in 
virtue of its elasticity, and the model will^ exemplify the 
action of these muscles ; the external intercostals in 
shortening will tend to raise, and the internal intercostals 
to depress, the bony ribs. 

Such a model, however, does not accurately represent 
the ribs, with their numerous aM peculiar curves, and 
hence, while all are agreed that the external intercostals 
raise the ribs, the action of the internal intercostals is not 
by any means so certain. 

The raising of the ribs which results from the action of 
the external intercostal muscles is further assisted by the 
contraction of certain other muscles, the scaleni and 
levatores costarum. The former are stretched be- 
tween the cervical vertebrae and the first two ribs, and by 
their contraction serve to raise and fix these ribs. The 
latter are attached by their upper ends to the transverse 
processes of the last cervical and fii'st eleven dorsal 
vertebrae, and each muscle is fastened by its lower end to 
the rib next below the vertebra from which the muscle 
itself springs. These muscles must also by their con- 
traction raise the ribs. 

By means of these several muscles the ribs can be raised 
from their naturally downward-slanting position into one 
more nearly horizontal. When this takes place, the front 
ends of the ribs must move not only upwards but for- 
wards, and Biiist therefore thrust the sternum slightly 
outwards, or away from the vertebral column. By this 
movement the size of the thorax is of course increased 
frcm buck tofront, an increase which may be easily felt by 
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placing one hand on the back and one on the chest of a 
person who is breathing. Again, when the ribs are raised, 
each rib must evidently, by its upward motidn, tend to 
occupy the position previously held by the rib next above 
it ; but the arched curve of each rib increases in size from 
the first to the seventh pair of ribs, so that this upward 
movement makes a rib with a larger arch take the place of 
one with a smaller curve. This must clearly result in an 
increase in imdth of the thorax from side to side, an increase 
which may, as before, be readily felt by placing the hands 
on the opposite sides of the chest. 

The floor of the^ thorax is formed by the diaphragm, a 
great partition situated between the thorax and the 
abdomen, and always concave to the latter and convex to 
the former (Fig. f, I>). From its middle, which is 
tendinous, muscular fibres extend downwards and outwards 
.to the ribs, and two, especially strong masses, which are 
called the pillars of the diaphragm, to the spinal column 
(Fig. 47). When these muscular fibres contract, therefore, 
they tend to make the diaphragm flatter, and to increase 
the capacity of the thorax at the expense of that of the 
fyf^omen, by pulling down the bottom of the thoracic box 
(Fig. 48, A), or in other words when the diaphragm is 
flattened, the size of the thorax is increased from above 
doivn^va^'ds. 

By means then of the movements of the ribs and of the 
diaphragm the size of the thorax may be increased in all 
its dimensions. Let us now consider what must happen 
to the lungs when the thorax becomes larger. The lungs, 
as we have said (p. 137), are kept distended by the 
pressure of the atmosphere acting down the trachea and 
keeping the outer walls of each lung firmly pressed against 
the inner wall'of the chest. This being so, if the wall of 
the thorax tends to move away from the wall of the lung, 
as it must do when the thorax is enlarged, then the wall 
of the lung must follow the wall of the thorax, air rushing 
in through the trachea to increase the distension of the 



U4 


ELEMENTARY PHYSIOLOGY 


LESS. 


elastic lungs to the required extent, and to prevent the 
formation of any vacuum between the two pleurm. This 
drawing of air into the lungs constitutes an inspiration. 



Fio. 47 .— The Diaphragm of a Dog viewed from the Loweji or 
Abdominal Side. 

V.C.I, the vena cava inferior; 0, the oesophagus; Ao. the aorta ; the 
broad white tendinous middle is easily distinguished from the 

radiating muscular fibres (A. A. A) which pass down to the ribs and into 
the pillars (C. I>) in front of the vertebrae. 


At the end of each inspiration the diaphragm ceases to 
contract and the external intercostal muscles relax. So 
much of the elasticity of the lungs as was called into 
play by the contrg^ction of the diaphragm and the 
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raising of the ribs now comes into action ; air is driven 
out of the lungs and the diaphragm rises to its former 
position (Fig. 48, B), being partly also pushed up by the 
abdominal viscera which were pushed down when the 
diaphragm contracted. At the same time gravity acting 
on the ribs tends to lower them, and this is assisted by the 
elastic recoil of the lungs and of the tissues of the chest 
wall which had been put on the stretch during inspiration, 
and possibly also by the contraction of the internal inter- 
costal muscles. By these means air is driven out of 
the lungs, the forcing out of the air constituting an 
expiration, which taken together with an inspiration 
makes up respiration. 

Thus it appears that we may have either diaphragmatic 
respiration^ or costal respiration. As a general rule, how- 
ever, the two forms of respiration coincide and aid one 
another, the contraction of the diaphragm taking place at 
the same time v/ith that of the external intercostals, and 
its relaxation with their relaxation. 

In ordinary quiet respiration, inspiration is an active 
process depending on the contraction of muscles ; ex- 
piration, on the other hand, is rather due to a passive 
recoil of elastic structures which had been previously put 
on the stretch. But at times, as when taking violent 
exercise, the respiration becomes more forcible or, as it is 
called, laboured.” In this case many accessory muscles 
come into play to assist during inspiration in raising the 
ribs and sternum ; being chiefly muscles stretched between 
the ribs and parts of the vertebral column — above them 
at the back, and between the neck and the sternum in 
front. At the same time expiration, from being passive 
now also becomes an active process, chiefly by the con- 
traction of certain muscles which connect the ribs and 
breast-bone with the pelvis, and form the front and side 
walls of the abdomen, the abdominal muscles. They 
assist expiration in two ways ; first, directly, by pulling 
down the ribs ; and next, indirectly, by pressing the 
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viscera of the abdomen upwards against the under surface 
of the diaphragm, and so driving the floor of the thorax 
upwards. 

It is for this reason that, whenever a violent expiratory 
effort is made, the walls of the abdomen are obviouslv 
flattened and driven towards the spine, the body being at 
the same time bent forwards. 

In taking a deep inspiration, on the other hand, the 
walls of the abdomen are relaxed and become convex, the 
viscera being driven against them by the descent of the 
diaphragm — the spine is straightened, the head thrown 
back, and the shoulders outwards, so as to afford the 
greatest mechanical advantfige to all the muscles which 
can elevate the ribs. 

It is a remarkable circumstance that the mechanism of 
respiration is somewhat different in the two sexes. Iji 
men, the diaphragm takes the larger share in the ]>rocess, 
the upper ribs moving comparatively little ; in women, 
the reverse is the case, the respiratory act being more 
largely the result of the movement of the ribs. 

Sighing is a deep and prolonged inspiration. “ Sniffi^ng " 
is a more rapid inspiratory act, in which the mouth is kej)t 
shut, and the air made to pass through the nose. 

Hiccough is the result of a sudden inspiration, due to 
a contraction of the diaphragm, during which the glottis 
is suddenly closed and the column of air, striking on the 
closed glottis, gives rise to the well-known and character- 
istic sound. 

Coughing is a violent expiratory act. A deep inspiration 
being first taken, the glottis is closed and then burst open 
by the violent compression of the air contained in the 
lungs by the contraction of the expiratory muscles, the 
diapluagm being relaxed and the air driven through the 
mouth. In sneezing^ on the contrary, the cavity of the 
mouth being shut off from the pharynx by the approxima- 
tion of the soft palate and the base of the tongue, the air 
is forced througb the nasal passages. 
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THJK THORAX AS A BELLOWS 

It thus appears that the thorax, the lungs, and the 
trachea constitute a sort of bellows without a valve, in 
which the thorax and the lungs represent the body of the 
bellows, while the trachea is the pipe ; and the effect of 
the respiratory movements is just the same as that of 



Fig. 43. — Diagkammatic »SKcrio>r.s gk the Body in 

A, inspirutioii ; B, expimtion ; Tr, trachea ; St, sternum ; 1), diaphragm ; 
Ah. abdominal walls. The shading roughly indicates the stationary air. 

the approximation and sej.>aration of the handles of the 
bellows, which drive out and draw in the air through the 
pipe. There is, however, one difference between the 
bellows and the respiratory apjiaratus, of great importance 
in the theory of respiration, though frequently overlooked ; 
and that is, that the sides of the bellows can bci brought 

T ^ 
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close together so as to force out all, or nearly all, the air 
which they contain ; while the walls of the chest, when 
approximated as much as possible, still inclose a very con- 
siderable cavity (Fig. 48, B) ; so that, even after the most 
violent expiratory effort, a very large quantity of air is 
left in the lungs. 

If an adult man, breathing calmly in the sitting position, 
be watched, the res{>iratory act will be observed to be 
repeated on an average about fifteen to seventeen times 
every minute ; but the frequency of repetition is very 
variable. Each act consists of certain components which 
succeed one another in a regular rhythmical order. 
First, the breath is drawn in or inspired, immediately 
afterwards it is driven out or expired ; and these suc- 
cessive acts are followed by a brief pause. Thus, just as 
in the rhythm of the heart, the auricular systole, the ven- 
tricular systole and then a pause follow in regular order ; 
so in th^ chest, the inspiration, tlie expiration, and then a 
pause succeed one another. But in the chest, unlike the 
case of the heart, the 2 >ause is generally very short com- 
pared with the active moyement ; indeed, sometimes it 
hardly exists at all, a new inspiration following imme- 
diately on the close of expiration. 

6. The Amount of Air Respired. —At each inspiration 
of an adult well-grown man about 500 c.c. (20 to 30 cubic 
inches) of air are inspired ; and at each expiration the 
same, or a slightly smaller, volume (allowing for the increase 
of temperature of the air so expired) is given out of the 
body. To this the name of tidal air has been con- 
veniently given. 

The amount of air which, as already pointed out, 
cannot be got rid of by even the most violent expiratory 
effort and is called Residual air, is, on the average, 
about 1,500 c.c. (from 75 to 100 cubic inches). 

About as much more in addition to this remains in the 
chest after an ordinary expiration, and is called Supple- 
mental air. 
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Thus it follows that, after an ordinary inspiration, 
1,500 + 1,500 + 500 = 3,500 c.c. (100 + 100 + 30 = 230 cuhio 
inches) may be contained in the lungs. By taking the 
deepest possible inspiration, another 1,500 c.c. (100 cubic 
inches), called Complemental air, may be added. 

The sum of the supplemental, tidal, and complemental 
air amounts to about 3,500 to 4,000 c.c. (230 to 250 cubic 
inches), and is a measure of what is known as the respiratory 
or vital capacity. It varies according to a person’s height, 
weight, and age. 

It results from these data that the lungs, after an 
ordinary inspiration, contain about 3,500 c.c. (230 cubic 
inches) of air, and that only about one-seventh to one- 
eighth of this amount is breathed out and taken in again at 
tlie next inspiration. Apart from the circumstance, then, 
that the fresh air inspired has to fill the cavities of the 
hinder part of the mouth, and the trachea, and the 
bronchi, if the lungs were mere bags fixed to the end of 
the bronchi, the inspired air would descend so far only 
as to occupy that one -fourteenth to one-sixteenth |)art of 
each bag which was nearest to tlie bronchi, wdience it 
would be driven out again at the next expiration. But as 
the bronchi branch out into a prodigious number of 
bronchial tubes, the inspired air can only penetrate for a 
certain distance along these, and can never reach the 
air-cells at all. 

Thus the residual and supplemental air taken together 
are, under ordinary circumstances, staiionary--tha,t is to 
say, the air comprehended under these names merely 
shifts its outer limit in the bronchial tubes, as the chest 
dilates and contracts, without leaving the lungs, and is 
hence called stationary air ; the tidal air, alone,, being 
that which leaves the lungs and is renewed in ordinary 
respiration. 

It is obvious, therefore, that the business of I'espiration 
is essentially transjtcted by the stationary air, which plays 
the part of a middleman between the two parties — the 
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blood and the fresli tidal air — who desire to exchange 
their commodities, carbonic acid for oxygen, and oxygen 
for carbonic acid. 

Now there is nothing interposed between the fresh tidal 
air and the stationary air ; they are gaseous fluids, in 
complete contact and continuity, and hence the exchange 
between them must take place caccording to the ordinary 
laws of gaseous diffusion. 

Thus, the stationary air in the air-cells gives up oxygen 
to the blood, and bikes carbonic acid from it, though the 
exact mode in which the change is effected is not 
thoroughly understood. By this process it becomes 
loaded with carbonic acid, and deficient in oxygen, though 
to what precise extent is not known. But there must be a 
very much greater excess of the one, and deficiency of the 
other, than is exhibited by inspired air, seeing that the latter 
acquires its composition by diffusion in the short space of 
time (four or five seconds) during which it is in contact 
with the stationary air. 

7. The Changes of Air in Respiration.— Expired 
air differs from the air inspired in the following 
[jarticulars. 

(i) Speaking generally, whatever be the temperature of 
the external air, that expired tends to be nearly as 
hot as the blood, or has a temperature of ab<jut 37' C. 
(98-6" F.). 

(ii) However dry the external air may be, that expired 
is nearly, or quite, saturated with watery vapour. This 
vapour is not derived from the sbitionary air, but from 
the walls of the outer air passages, so that the inspired 
air is practically sjiturated with aqueous vapour before it 
reaches the bronchi. 

(iii) While ordinary inspired air contains in KK) 
volumes — 


Oxygen Nitrogen CarLonh; Acid 

20-96 79-00 -04 
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the compo.sibioii of expired air is on Mie average in JOi) 
volumes — 

Oxygon Nitrogen Carbonic Acid 

10-50 70-50 4*00 

Thus, speaking roughly, air which has been breathed 
once has gained 4 per cent, of carbonic acid and lost rather 
more tlian 4 per cent, of oxygen, the quantity of nitrogen 
being practically unchanged. 

(iv) Expired air contains, in addition, small quantities 
of “animal matter” or organic impurities of a highly 
decomposable kind. Nothing is known of their nature, 
but they are probably the chief cause, why air which lias 
been breathed once is extremely unwholesome if lireathetl 
a second time ; hence they are of great importance in con- 
nection with ventilation (see p. 168). 

(v) The volume of the tidal air is but little altered by 
being breathed, because the two parts of oxygen in tlie 
carbonic acid (OO 2 ) occupy the same volume as the car- 
bonic acid itself, or in other words the volume of the 
carbonic acid is e(|ual to that of the oxygen contained in 
it. But as a matter of fact very close analysis of the 
expired air shows firstly that the volume of oxygen 
which disappears is always slightly greater than the 
volume of carbonic acid which takes its jilace. This 
is because all the oxygen taken in does not go to 
form carbonic acid ; some of it unites with hydrogen to 
form water and some with other elements such as sulphur. 
Hence the volume of the expired air is slightly (-\y) less 
than that of the inspired air. In the second place careful 
analysis shows that the nitrogen in expired air may vary 
very slightly : sometimes it is a little in excess of, some- 
times slightly less than, that inspired, and sometimes it 
remains unaltered. 

8. The Amount of Waste which leaves the Lungs.— 

About 10,000 litres (from 350 to 400 cubic feet) of air are 
passed through the lungs of an adult man taking little or 



152 


ELI^ENTARY PHYSIOLOGY 


LESS. 


no exercise, in the course of twenty -four hours, and are 
charged with carbonic acid, and deprived of oxygen, to 
the extent of about four per cent. This amounts to about 
450 litres (16 cubic feet) of the one gas taken in, 
and of the other given out. Thus, if a man be shut up in 
a close room, having the form of a cube seven feet in the 
side, every particle of air in that room will have passed 
through his lungs in twenty-four hours, and a fiftli of the 
oxygen it contained will be replaced by carbonic acid. 

The quantity of carbon eliminated in the twenty-four 
hours is pretty nearly represented by a piece of pure char- 
coal weighing 225 grammes (eight ounces). 

The quantity of water given off from the lungs in the 
twenty-four hours varies very much, but may be taken on 
the average as rather less than 250 c.c. (half a pint, or 
about nine ounces). It may fall below this ajuount, .or 
increase to double or treble the quantity. 

The air exi)ired during the first half of an expiration 
contains less carbonic acid than that expired during the 
second half. Further, when the frecpiency of respiration 
is increased without altering the volume of each in- 
spiration, though the percentage of carbonic acid in each 
inspiration is diminished, it is not diminished the 
same ratio as that in which the number of ins^ij»tions 
increases ; and hence more carbonic acid is got rid of 
in a given time. 

Thus, if the number of inspirations per minute is in- 
creased from fifteen to thirty, the percentage of carbonic 
acid evolved in the second case remains more than half 
of what it was in the first case, and hence the total 
evolution is greater. 

The activity of the respiratory process is greatly 
modified by the circumstances in which the body is placed. 
Thus, cold greatly increases the (quantity of air which is 
breathed, the quantity of oxygen absorbed, and of 
carbonic acid expelled : exercise and the taking of food 
have a corresponding effect. 
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In proportion to the weight of the body, the activity of 
the respiratory process is far greatest in children, and 
diminishes gradually with age. 

The excretion of carbonic acid is greatest during the 
day, and gradually sinks at night, attaining its minimum 
about midnight, or a little after. 

Indeed it would aj^pear that the rule that the quantity 
of oxygen taken in by resjnration is, approximately, equal 
to that given out by expiration, only holds good for tlie 
total result of twenty-four hours’ respiration. Much more 
oxygen appears to bo given out during the day-time (in 
combination with carbon as carbonic acid) tlian is ab- 
sorbed ; while, at night, much more oxygen is absorlied 
than is excreted as carbonic acid dunn^ the same period. 
And it is very probable that the deficiency of oxygen 
‘towards the end of the waking hours, which is thus 
produced, is one cause of the sense of fatigue which comes 
on at that time. This difference between day and night 
is, however, not constant, and appears to depend a good 
deal on the time when food is taken. 

The quantity of oxygen which disa])])ears in proportion 
to the carbonic acid given out, is greatest in carnivorous, 
least in herbivorous animals — greater in a man living on 
a flesh diet, than when the siime man is feeding on vege- 
table matters. 

9. The Nature of the Respiratory Changes in the 
Lungs and Tissues. — The essential dift’erence between 
venous and arterial blood is, as we have previously ex- 
plained, entirely dependent upon the relative amounts of 
the two gases, oxygen and carbonic acid, which they re- 
spectively contain. We have also pointed out where the 
changes from arterial to venous blood and vice rersay take 
place, and have indicated the general causes of the con- 
version as being an interchange between the blood and the 
tissues on the one hand, and between the blood and 
the stationary air in the lungs on the other. But we 
have not so far dealt with the nature of the processes 
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involved in effecting' tho iiitoroliani'c, mid to thvHc »( 
must now turn our fittention. 

A clear undersfcanding of certain facts and j>riiici]>les 
as to the behaviour of gases towards each otlicr and 
towards liquids with which they may be in contact is 
essential as a preliminary. 

When a gas is enclosed in a vessel, it exerts a 
pressure on its walls which is measured by tlie height 
of the column of mercury which it can sup])ort in a 
vertical tube connected with the vessel. If two gases 
are mixed in the vessel, each gas exerts its own 
pressure just as if the other gas were not present ; the 
total pressure of the two gases is therefore eqmil to the 
sHm of their separate pressures. The pressure due to 
each gas in the mixture is called the partial pressure 
of that gas, and m proportional to the quantitif the- gas. 
Hence if the total pressure of the mixture is measured 
and its composition is determined by analysis the partial 
pressure of each gas is at once known. Take for instance, 
ordinary air when the barometer stands at 760 mm. (110 
inches of mercury). The partial pressure of the oxygen is 
iVo X 760 = 159 '6 mm. (6'3 inches of mercury), and 
that of the nitrogen is x 760 = 600*4 mm. (23*7 
inches of mercury). 

When a gas is in contact with a li(juid some of the 
gas is absorbed by the liquid, the amount being dependent 
on the })ressure of the gas. If iv'o gases are in contact 
with the sanie liquid they will be absorbed in quantities 
proportional to their respective partial pressures in the 
space over the liquid, and when the absorption is com- 
plete the partial pressures of the gases in the licjuid are 
the same as the partial pressures of the gases in the space. 
If the partial pressure of one of the gases be made less in 
the space over the liquid, then some of that gas will make 
its exit from the liquid ; and if its partial pressure be, on 
the other hand, increased, then more of that gas will enter 
the liquid. Thus we see that changes in tlie partial 
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pressuren of the gmcs in contaet with the liquid deterniine 
the exit and entry of those gases from and into the lupiid. 
Farther, Hinco gases ditfuse readily through thin porous 
films, the statements we have just naule will, broadly 
speaking, hold equally good in the case when the surface 

• of the fluid is separated from the neighbouring gases by 
a thin, moist, porous film . 

The air in the alveoli of the lungs is a mixture of gases 
separated by the thin, moist, filmy wall of the cajiillaries 
from the venous blwwl brought to them by the pulmonary 
artery ; and what we have now to consider is whether, 
in the absence of any other obvious cause, the differences 
of partial pressure between the gases in that air and the 
same gases in that blood are sufticient to' account for 
the interchange by which the venous blood becomes 
ifrterial, 

• Now^ the oxygen and carbonic acid in blood are not in 
mere solution but largely in combination wdth certain 
constituents of the corpuscles and plasma. Hence the 
jirossures they exert are much less than they wa)uld be if 
they were in simple solution. But on the other hand the 
compounds formed by these gases in the blood are \'ery 
unstable and easily dissociated or broken up, so that 
a sufficient difference of jiartial pressure on the surface of 
the blood may still easily start the interchange betw^een 
tlie blood and the alveolar air and between the blood 
and the tissues. 

The composition of alveolar air has not been deter- 
mined as yet because it is not so far possible to collect 
a portion of air direct from the alveoli. But from the 
conqx)sition of expired air we can at once determine the 
partial pressures of the oxygen and carbonic acid in it, 
aid although the partial pressure of the oxygen in 
alveolar air must be less and of carbonic acid greater 
than in expired air,' there are reasons for supposing that 
the difference is not great. By applying the dabi thus 
obtained w^e find that venous blood in contact with 
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oxygen at the partial pressure it probably has in alveolar 
air becomes arterialised as regards its oxygen. And the 
entry of the oxygen is further assisted by the fact tliat 
it is stowed away in loose chemical combination in the 
red corpuscles. Similarly we may say that the exit of 
carbonic acid is due to the difference between the (lower) 
partial pressure of carbonic acid in the alveolar air and 
the (higher) partial pressure it has in the venous blood ; 
but the case is not ([uite so clear as it is in respect of the 
entry of oxygen. For the partial })ressure of carbonic 
acid in alveolar air is not inconsiderable, and its exit 
from the blood is o})posed by the fact that it is in loose 
combination with some constituent of the plasma. 

The blood thus fully arterialised is whirled away to the 
tissues, where it becomes once more venous. In the 
tissues the causes of the change are much more easily 
understood, for the living tissues are greedy of oxygen, 
which they stow away in compounds so stable that they 
give up no oxygen to the vacuum of even the most power- 
ful pump ; the partial pressure of oxygen in the tissues 
is in fact zero. Hence oxygen readily passes over from 
the arterial blood. Again, the living tissues are always 
producing carbonic acid in greater or less amount accord- 
ing as they are more or less active ; the ])artial pressure 
of carbonic acid is therefore high in the tissues and rpiite 
sufficient to account for the passage of this gas from them 
into the neighbouring arterial blood. 

The amount of oxygen left in venous blood is dependent 
on the varying activity of the tissues, and this is the 
reason why the volume of this gas was given (p. 124) as 
varying from eight to twelve volumes in each hundred 
volumes of venous bkxxl. 

10. The Nervous Mechanism of Respiration.^ Of 

the various mechaiucal aids to the respiratory process, 
the nature and workings of which have now been de- 
scribed, one, the elasticity of the lungs, is of the nature 
of a dead, constant force. The action of the rest of the 
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a|>|)ciiatus is under the control of the nervous system, and 
varies from time to time. 

As the nasal passages cannot be closed by their own 
action, air has always free access to the pharynx ; but the 
glottis, or entrance to the wind])ipe, is completely under 
tlie control of the nervous system — the smallest irritation 
about the mucous membrane in its neighl)ourhood being 
conveyed, by its neiwes, to that part of the cerebro-spinal 
axis which is called the spinal bulb or medulla ob- 
longata (see Lesson XL). The spinal biilVi thus stimu- 
lated gives 1 ‘ise, by a jmocess which will be explained 
hereafter, termed reflex action, to the contraction of the 
muscles which close the glottis, and commonly, at the 
same time, to a violent contraction of the expiratory 
muscles, producing a cough (see p. 146). The muscular 
fibres of the smaller bronchial tubes are similarly under the 
•control of the bulb, sometimes contracting so as to narrow 
and sometimes rehaxing so as to permit the widening of 
the bronchial passages. 

These, however, are mere incidental actions. The whole 
respiratory machinery is worked by a nervous apparatus. 
From what has been said, it is obvious that there are 
many analogies between the circulab)ry and the respiratory 
apparatus. Each consists, essentially, of a kind of pum}) 
which diatriVmtes a fluid (gaseous in the one case, liquid 
in the other) through a series of ramified distributing 
tubes to a system of cavities (capillaries or air-cells), the 
volume of the contents of which is greater than that of 
the tubes. While the heart however is a force-pump, the 
respiratory machinery represents a suction-pump. 

In each the pump is the cause of the motion of the 
fluid, though that motion may be regulated, locally, by 
the contraction or relaxation, of the muscular fibres 
contained in the walls of the distributing tubes. But, 
while the rhythmic movement of the heart chiefly depends 
upon an apparatus placed within itself, which is then con- 
trolled by the central nervous system, that of the respi- 
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ratorj apparatus results mainly from the of)ei*Mtioji of a 
nervous centre lodged in the spinal bulb, which has been 
called the respiratory centre. 

This centre is situated (see Fig. 49, K.C.) close to the 
two previously described (Figs. 22 and 28) as the vaso- 
motor and cardio-inhibitory centres (pp. (19 and 75). Im- 
pulses arise in this centre, pass down tlie spinal cord, 
and leaving the cord along certain nerves, reach the 
various muscles by whose contractions the movements of 
respiration are lu’oduced. The resjiiratory muscles contract 
only when they receive these impulses, and therefore all 
the movements of respiration depend ujxrn the activity 
of this centre, and cease at once on injury of this part of 
the spinal bulb. 

The action of the centre is ])rimarily aviumutir ; in 
other words the impulses it sends out appear to ]>e the 
result of changes started 'fvlthiu itself, in the same waj' 
that the beat of the heart is automatic as the outcome of 
changes started in the muscle-tissue of which it is made 
up. This primary automatism of the respiratory centre 
is subject, however, to control by im]:)ulses reaching it 
from outlying parts of the body, and more particularly 
by changes in the condition or quality of the blood which 
circulates in the capillaries of the centre itself, in a 
way to he described presently. 

The intercostal muscles are supplied by intercostal 
nerves coming from the s])inal cord in the region of the 
back (Fig. 49, 76W, ION, ION), and the muscular fibres of 
the diaphragm are supplied by two nerves, one on each side, 
called the phrenic nerves (Fig. 49, Phr.), which starting 
from certain of the spinal nerves in the neck, dip into the 
thorax at the root of the neck, and find their way through 
the thorax by the side of the lungs to the diaphragm, over 
which they are distributed. Now from the nervous 
respiratory centre in the spinal bulb impulses at repeated 
intervals descend along the upper part of the spinal cord 
and, passing out by the phrenic and intercostal nerves 
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respectively, reacii the dmphrngm and the iiitercostaJ 
muscles. These immediately contract, and thus an 
inspiration takes jJace. Thereupon tlie impulses cease, 
and are replaced by other impulses, which though starting 
from tlie same centre pass, not to the dia])hragm and 
external intercostal muscles, but to other, exj)iratory, 
muscles, wliicli they throw into contraction, and thus 
expiration is l)rought out. As a general rule the inspira- 
tory impulses are much stronger than the expiratory ; 
indeed, in ordinary quiet breathing expiration is chiefly 
brought about, as we have seen, by the elastic recoil of 
the lungs and chest walls ; these need no iiervous impulses 
to set them at work, as soon as the inspiratoy impulses 
cease and the diaphragm and other ins})iratory muscles 
leave off cHmtraetiiig, they come of themselves into action, 
liut, • ill laboured breathing, very })owerful expiratory 
impulses may leave the res})iratory centre and })ass to the 
various muscles whose contractions help to drive the air 
out of the chest. 

Every day experience shows that no function of the body 
is more obviously subject to sudden and marked changes 
than is the respiration. It is fpiickened by exercise^ 
(|uickened or slowed by emotions ; hurried by stimulation 
of the skin, as by a dash of cold water, or brought to a 
standstill by stimulating tlie mucous membrane of the 
nose })y a pungent vapour such as strong ammonia. The 
changes involved in sneezing, laughing, coughing, etc., are 
jirofouiid and ]»eculiar. Fimdly we can control our 
respiration by an eftbrt of the will within very wide limits 
and in almost any desired way. The mechanism 
involved in the production of all these changes is corre- 
spondingly complicated ; but cerbiin broad facts are fairly 
simple, and to these we may now turn. 

The main trunk of the vagus nerve (see Lesson XI.) 
gives off* a branch to the larynx as it passevs down the neck 
(Fig. 49, S.Lr.), If the vagus be cut hekne tJie point of 
exit of this nerve (as at 5 c, Fig. 49) and the upper (central) 
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end ('i/f Fig. 49), connected with the spinal bulb be stiinii- 
lated, the respiration becomes hurried. Thus we have in 



Fig. 49.— Diagram to illustrate the Pgsition of the Respiratory 
Centre, the Connections of this Centre with the Intercostal 
Muscles and Diaphragm, and the Paths ry which Impulses pass 
to the Centre from Outlying Parts of the Body and from 
the Brain. 

t .C, Sp.C, spinal cord ; R.C, respiratory centre in the bulb ; /CJV, ICN, 
three intercostal nerves ; Phr, one phrenic nerve passing to the 
diaphragm I>; Fg. vagus nerve; F.O, ganglion of vagus nerve; KZr, 
superior larvngeal nerve. The dotted lines, c/, cf, c/, indicate paths of 
conduction for impulses to the respiratory centre from some part of the 
body such as the skin ; the dotted lines, af, a/, similar paths from the 
brain to the centre. ITie arrows show the direction in which impulses 
travel along each nerve or path. 


the mgm a nerve such that impulses passing up it may 
quicken the respiration by their action on the respii‘atory 
centre. 
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If on the other hand the branch of the vagus supplying 
the larynx, the superior laryngeal nerve, be cut, and 
its central end be stimulated, the result is that the 
respiration may be slowed^ oven to a coa^plete cemii ion of 
all resj)iratory movements. 

In the case of the vagus impulses seem to be ordinarily 
always passing up it to facilitate the action of the res})ira- 
tory centre, for if the vagus nerves be simply cut, the 
resj)iration becomes at once extremely slow. 

These two nerves may be taken as typical of their kind, 
the one cpiickening, the other slowing the respiration. 
But similar nerves run to the resj>iratory centre from all 
parts of the body, notably from the skin, also from the 
brain, and by their varied action largely determine the 
manifold changes which the respiratory movements from 
•time to time undergo. 

11. Influence of Blood-Supply on the Respiratory 
Centre. Dyspnoea and Asphyxia. —The function of 
respiration has for its one great object the conversion of 
venous into arterial blood. Hence we might expect that 
the mechanism which controls it slu^uld be adjusted so as 
to’ be extremely sensitive to the varying wndition or 
(piality of the fluid (blood), whose gaseous composition it 
has to regulate. This expectation is justified by facts, for 
although the respiratory centre is keenly responsive to 
impulses brought to bear upon it along various nerves, it 
is even more so to the influence exerted by tlie varying 
(juality of the bloc^d circulating in the capillaries of the 
spinal bulb. Thus, wlien by any means the blood becomes 
less Jirterialised than it should be, the respiratory centre 
feels this change, and is at once stimulated to greater- 
activity in the endeavour, by an increased force and 
fre((uency of the respiratory movements, to restore the 
blood to its j)roper condition. In other words, venous 
blood makes the respiratory centre work faster and more 
vigorously. 

The blood become.s more venous whenever the free 
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access of air to the lungs is interfered with ; as, for 
instance, when a man is strangled, drowned, or choked by 
food or other obstacle in the trachea. But the blood 
may become unusually venous by means less v iolent than 
the above. Since the rapidity of diffusion between two 
gaseous mixtures depends on the difference of the propor- 
tions in which their constituents are mixed, it follows that 
the more nearly the composition of the tidal air ap})roaches 
that c)f the stationary air, the slower will be the diffusion 
of oxygen inwards, and of carbonic acid outwards, and 
the more deficient in oxygen and overcharged with carbonic 
acid will the air in the alveoli become. Thus by breathing 
in a confined space, the oxygen in the tidal air (jimhudl tj 
diminished and the carbonic acid (jradmtlhj increased until 
at length a point is reached when the change effected in 
the stationary air is too slight to enable it to su])ply 
the pulmonary blood with oxygen, and to relieve it (>f 
carbo)iic acid to the extent required for its proper 
arterialisation. 

When from any of the above causes tlie blood sent to 
the respiratory centre is more venous than usual, the 
centre is stimulated and the respiratory movements be- 
come quicker and more forcible. This condition is usually 
spoken of as dyspncBa, or laboured breathing. It is 
characterised by the increased force and frequency with 
which both the inspiratory and expiratory muscles con- 
tract. If the offending cause of dyspnoea be not removed, 
the blood becomes more and more venous. By this means 
the respiratory centre is spurred on to still greater activity. 
Not only do the ordinary muscles of respiration contract 
more vigorously, but the accessory muscles (p. 145) come 
into more prominent play, and chiefly those which assist 
expiration. Still later, nearly all the muscles of the body 
are thrown into a state of violent contracting activity, and 
with the onset of these convulsions dyspnoea passes 
over into a49phyxia. The violence of the convulsive 
movements speedily leads to exhaustion, and the con- 
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vuLsions cease. After this stage is reached, a long-drawn 
inspiration takes place at intervals ; but the intervals 
become longer and longer and the inspiratory movements 
more and more feeble until the last breath is taken and 
breathing ends with an expiratory gasp.^ 

After death by asphyxia the blood throughout the 
whole body is of course venous. The right side of the 
heart, the great (systemic) veins and the pulmonary 
arteries are highly distended with blood, while the left 
side of the heart is empty. This condition of the vascular 
system is Ijrought about largely by an obstruction to the 
usually easy flow of blood through the lungs, which is due 
to a constriction of their small arteries caused by the 
stimulation resulting from the venosity of the blood. But 
•it is helped by the unusually forcible drawing of blood 
.•into the great veins which results from the increased 
force of the respiratory movements (see p. 166). 

Venous blood is distinguished from arterial by two 
features, by having less oxygen and more carbonic acid. 
Hence, in asphyxia, two influences of a distinct nature 
are co-o])erating ; one is the deprication of ocvygen, the 
other is tlie excessive accHnudat ion of carbonic acid in the 
blf)od. Oxygen starvation and carbonic acid poisoning, 
each of which is injurious in itself, are at work together ; 
but of these, the lack of oxygen is the real cause of 
as})hyxia. 

The effects of oxygen starvation may be studied sepa- 
rately, by placing a small animal under the receiver of an 
air-pump and exhausting the air ; or by replacing the 
air by a stream of hydrogen or nitrogen gas. In these 
cases no accumulation of carbonic acid is permitted, but, 
on the other hand, the supply of oxygen soon becomes 
insufficient, and the animal quickly dies with all the 
symptoms of asphyxia. And if the experiment be made 
in another way, by placing a small matamal, or bird, in 

1 The term asphyxia is sometimes used to include all the above three 
stages, from the onset of dyspnoea until death ensues. 

M 2 
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air from which the carbonic acid is removed as soon as it 
is formed, the animal will nevertheless die asphyxiated as 
soon as the amount of oxygen is reduced to 10 per cent, 
or thereabouts. 

The directly poisonous effect of carl)onic acid, on 
the other hand, has been very much exaggerated. A 
very large quantity of pure carbonic acid (10 to 15 or 
20 per cent.) may be contained in air, without producing 
any very serious immediate effect, if the quantity of 
oxygen be simultaneously increased. 

Moreover such symptoms as do occur when the carbonic 
acid in the air breathed is increased without any corre- 
sponding decrease in the oxygen, are not exactly those of 
asphyxia but are said to resemble rather those of nar- 
cotic poisoning. So that the chief cause of asphyxia in- 
strangling, drowning, or choking, or however produced,-, 
is the diminution of the oxygen in the air of the lungs 
and consequently a diminution of the oxygen in the 
blood. 

And that it is the lack of oxygen which is the important 
thing is further shown by the asphyxiating effects of 
certain poisonous gases. Thus sulphuretted hydrogen, so 
well known by its offensive smell, has long had the repute 
of being a positive poison. But its evil effects appear to 
arise chiefly, if not wholly, from the circumstance that its 
hydrogen combines with the oxygen carried by the blood- 
corpuscles, and thus gives rise, indirectly, to a form of 
oxygen starvation. 

Carbonic oxide gas (carbon monoxide, CO) has a much 
more serious effect, as it turns out the oxygen from the 
blood-corpuscles, and forms a very stfible combination of 
its own with the haemoglobin. The compound thus 
formed is only very gradually decomposed by fresh 
oxygen, so that if any large proportion of the blood- 
corpuscles be thus rendered useless, the animal dies 
before restoration can be effected. Badly made common 
coal gas sometimes contains 20 to 30 per cent, of carbon 
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monoxide ; and, under tliese circumstances, a leakage 
of the pipes in a house may be extremely perilous to 
life. 

12. The Influence of Respiration on the Circulation. 

— Just as there are cerbxin secondary phenomena which 
accompany, and are explained by, the action of the heart, 
so there are secondary phenomena which are similarly re- 
lated to the working of the respiratory apparatus. Of 
these the chief is the effect of the inspiratory and expi- 
ratory movements upon the circulation. 

In consequence of the elasticity of the lungs, a cerbiin 
force must be expended in distending them, and this force 
is found experimentally to become greater and greater 
the more the lung is distended ; just as, in stretching a 
piece of india-ru])ber, more force is required to stretch it 
‘a good deal than is needed to stretch it only a little. 

• Hence, when inspiration takes place, and the lungs are 
distended with air, the heart and the great vessels in the 
chest are subjected to a less pressure than are the blood- 
vessels of the rest of the body. 

.For the pressure of the air contained in the lungs is 
exactly the same as that exerted by the atmosphere upon 
the surface of the body ; that is to say, fifteen pounds on 
the square inch. But a certain amount of this pressure 
exerted by the air in the lungs is counterbalanced by the 
elasticity of the distended lungs. Say that in a given 
condition of inspiration a pound ^ pressure on the square 
inch is needed to overcome this elasticity, then there will 
bo only fourteen pounds pressure on every s<|uare inch 
of the heart and great vessels. And hence the pressure 
on the blood in these vessels will be one pound })er square 
inch less than that on the veins and arteries of the rest of 
the body, which lie outside the thorax. If there were no 
aortic, or pulmonary, valves, and if the structure of the 

1 A “ j)ouiid ” is stated here for simplicity’s sake. As a matter of fact 
the pressure required is much less than this, not more than 2 or 3 
ounces. 
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vessels, and the pressure upon the blood in them, were 
everywhere the same, the result of this excess of pressure 
on the surface would be to drive all the blood from the 
arteries and veins of the rest of the body into the heart 
and great vessels contained in the thorax. And thus 
the diminution of the pressure upon the thoracic blood 
cavities produced by inspiration, would, practically, suck 
the blood from all parts of the body towards the thorax. 
But the suction thus exerted, while it hastened the flow 
of blood to the heart in the veins, would equally oppose 
the flow from the heart to the arteries, and the two 
effects might balance one another. 

As a matter of fact, how^ever, we know — 

(1) That the blood in the great arteries is constantly 
under a very considerable pressure, exerted by their 
elastic walls : while that of the veins is under little 
pressure. 

(2) That the walls of the arteries are strong and 
resisting, while those of the veins are weak and 
flabby. 

(3) That the veins have valves opening towards the 
heart ; and that, during the diastole, there is no resistance 
of any moment to the free passage of blood into the heart ; 
while, on the other hand, the cavity of the arteries is shut 
off* from that of the ventricle, during the diastole, by the 
closure of the semilunar valves. 

Hence it follows that equal pressures applied to the 
surface of the veins and to that of the arteries must 
produce very different effects. In the veins the pressure is 
something which did not exist before ; and partly from 
the presence of valves, partly from the absence of resist- 
ance in the heart, partly from the presence of resistance 
in the capillaries, it all tends to accelerate the flow of blood 
towards the heart. In the arteries, on the other hand, the 
pressure is only a fractional addition to that which existed 
before ; so that, during the systole, it only makes a com- 
paratively small addition to the resistance which has to 
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bo overcome by the ventricle ; and during the diastole, it 
superadds itself to the ehisticity of the arterial walls in 
driving the blood onwards towards the capillaries, inas- 
much as all progress in the opposite direction is stop})ed 
by the semilunar valves. 

It is, therefore, clear, that the inspiratory, movement, 
on the whole, helps the heart, inasmuch as its general 
result is to drive the blood the Avay that the heart 
propt^ls it. 

In expiration, the difference between the pressure of 
the atmosphere on the surface, and that which it exerts 
on the contents of the thorax through the lungs, becomes 
less and less in proportion to the completeness of the ex- 
piration. Whenever, by the ascent of the diaphragm and 
tile descent of the ribs, the cavity of the thorax is so far 
din’iinished that pressure is exerted on the great vessels, 
the veins, owing to the thinness of their walls, are especi- 
ally affected, and a check is given to the flow of blood 
in them, which may become visible as a in 

the great vessels of the neck. In its effect on the arterial 
trunks, expiration, like inspiration, is, on the whole, 
favourable to the circulation ; the increased resistance to 
the opening of the valves during the ventricular systole 
being more than balanced by the advantage gained in the 
addition of the expiratory pressure to the elastic reaction 
of the arterial walls during the diastole. 

When the skull of a living animal is laid open and the 
brain exposed, the cerebral subsbxnce is seen to rise and 
fall synchronously with the respiratory movements ; the 
rise corresponding with expiration, and being caused by 
the obstruction thereby offered to the flow of the blood in 
the veins of the head and neck. 

The effects of the respiratory movements on the flow of 
blood towards the heart must be the same for any other 
structure contained in the thorax and connected with 
vessels lying outside the thorax. Now the thoracic duct 
is a large, thin-walled tube placed inside the thorax and 
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communicating with the lymphatic vessels which lie in 
the abdomen, and, further, it is plentifully supplied with 
valves. At inspiration the reduction of pressure on the 
outside of the duct draws lymph up into it from the 
abdominal lymphatic vessels. At expiration, the lymph 
cannot pass down again, owing to the valves in the duct, 
and is therefore sent on towards the junction of the duct 
with the venous system. Hence the respiratory move- 
ments on the whole are a not unimportant aid to the 
onward flow of lymph (see p. 92). 

13. Ventilation. — In the case of breathing the xsame 
air over and over again the deprivation of oxygen, and 
the accumulation of carbonic acid, cause injury, long 
before any signs of even dyspncjea are observed. Under 
these circumstances uneavsiness and headache arise when 
less than 1 per cent, of the oxygen of the air is replaced 
by other matters ; the symptoms in this case however are 
due not so much to the diminution of oxygen or the 
increase of carbonic acid, as to the poisonous effects c>f 
the various organic matters present in expired air which, 
though existing in minute quantities, have a powerfully 
deleterious action. It need hardly be added that the 
persistent breathing of such air tends to low^er all kinds 
of vital energy, and predisposes to disease. Hence the 
necessity of sufficient air and of ventilation for every 
human being. 

The object of ventilation is to prevent the accumulation 
of these organic impurities (p. 1.51) and any deficiency fjf 
oxygen, such as may arise from burning gas in a room for 
purposes of illumination. Since the organic matter d(jes 
not admit of direct estimation, the percentage of carbonic 
acid in the air is usually taken as an indirect measure of 
its amount, and this is at the same time a measure of the 
deficiency of oxygen. Air which has been fouled by 
breathing is injurious if it contains more than *05 per 
cent, of carbonic acid. Knowing the amount of air 
passed through the lungs in one hour and the amount of 
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carbonic acid it contains (p. 152), calculation easily shows 
that if the percentage of carbonic acid is to be kept down 
to the limit of *05 j)er cent, a man should live in a room 
whose capacity is not less than 28,000 litres (1,000 cubic 
feet) and into which at least 00,0<X> litres (2,000 cubic 
feet) of fresh air are admitted each hour.^ 

1 A cubical room nine feet high, wide and long, contains only 729 
cubic feet of air. 



LESSON V 

THE SOUECES OF LOSS AND OF GAIN TO THE 
BLOOD 

1. General Review of the Gain and Loss.— The 

blood which has been aerated, or arterialised, by the 
process described in the preceding Lesson, is carried from, 
the lungs by the pulmonary veins to the left auricle, and 
is then forced by the auricle into the ventricle, and by the 
ventricle into the aorbi. As that great vessel traverses 
the thorax, it gives off several large arteries, by means of 
which blood is distributed to the head, the arms, and the 
walls of the body. Passing through the diaphragm (Bhg. 
47, Ao.), the aortic trunk enters the cavity of the abdomen, 
and becomes what is called the abdominal aorta, from 
which vessels are given off to the viscera of the abdomen. 
Finally, the main stream of blood flows into the iliac 
arteries, whence the viscera of the pelvis and the legs are 
supplied. . 

Having in the various parts of the body traversed the 
ultimate ramifications of the arteries, the blood, as we have 
seen, enters the capillaries. Here the products of the 
waste of the tissues constantly pour into it ; and, as the 
blood is everywhere full of corpuscles, which, like all 
other living things, decay and die, the products of their 
decomposition also tend to accumulate in it, but these are 
insignificant compared to those coming from, the great 
mass of the tissues. It follows that, if the blood is to be 
kept pure, the waste matters thus incessantly poured into, 
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or generated in it, must be as constantly got rid of, or 
excreted. 

Three distinct sets of organs are especially charged with 
this office of continually removing or “ excreting ” waste 
matters from the blood. They are the hmgs, the Iddneys^ 
and the skin (see Lesson I.). These three great organs 
may therefore be regarded as so many drains from the 
blood — as so many channels by which it is constantly 
losing substance. 

On the other hand, the blood, as it passes through the 
capillaries, is constantly giving up material by exudation 
through the capillary walls into the surrounding tissues, 
in order to supply them wnth nourishment, and thus in this 
way also is constantly losing matter. 

The material which the blood loses by giving it up to 
’ the* tissues consists of complex organic bodies, such as 
proteids, fats, carbohydrates, and various substances 
manufactured out (‘f these, of certain salts, of a large 
(juantity of water, and lastly of oxygen. 

The material which the blood loses by giving it up to 
the skin, lungs and kidneys, passes away from these 
organs as water, as carbonic acid, as peculiar organic 
substances of which one, called nrea, is much more 
abundant than the others, and as certain inorganic salts. 
Speaking generally we may say that these organs together 
excrete from the blood, water, carbonic acid, urea and 
salts. 

Another kind of loss takes place from the surface of 
the body generally, and from the interior of the air- 
passages. Heat is constantly being given off from the 
former by radiation, evaporation, and conduction : from 
the latter, chiefly by evaporation ; and the loss of heat in 
each case is borne by the blood passing through the skin 
and air-passages respectively. Besides this a certain 
quantity of heat is lost by the urine and faeces which are 
always warm when they leave the body. 

On the side of gain we have, in the first place, the 
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various substances which are the products of the activity 
of the several tissues, muscles, brain, glands, &c., and 
which pass from the tissues into the blood. We may 
speak of these as waste products, and one of them which 
is produced by all the tissues, namely carbonic acid, is 
emphatically a waste product and is got rid of as soon as 
possible. Hut some of the substances which are returned 
to the blood from the tissues are not wholly useless 
matters to be thrown off as rapidly as possible ; they are 
capable of being used up again by some tissue or other. 
Thus, as we shall see, the liver, at certain times at all 
events, returns to the blood a certain quantity of sugar 
which is made use of in other parts of the body, and 
similarly the spleen, while it takes up certain substiinces 
from the blood, gives back to the blood certain other 
substances which we can hardly speak of as waste matters 
in the sense of being useless material fit only to be at 
once thrown away. 

In the second place, the blood is continually receiving 
from the alimentary canal the materials arising from the 
food which has been digested there. As we shall see, 
some of this material passes directly from the cavity of the 
alimentary canal into the blood, but some of it pps in a 
more roundabout way through what are called the lacteals 
or lymphatics. On its way to the blood this latter is 
joined by material which, escaping from the blood and 
not used by the tissues, or passing from the tissues directly 
into the lymphatics, is carried back to the blood by the 
thoracic duct (see Lesson TI., p. 87). 

In the third place, the blood is continually gaining 
oxygen from the air through the lungs. 

Then again the blood, while it loses heat by the skin and 
lungs, gains heat from the tissues. As we have already 
seen (Lesson I. , p. 25) oxidation is continually going on in 
various parts of the body, and by this oxidation heat is 
continually being set free. Some of this oxidation may 
take place in the blood itself ; we do not know exactly how 
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much, but probably very little. The greater part of the 
heat is generated in the tissues, in the muscles and 
elsewhere, and is given uj) by the tissues to the blood. 
So that we may say that the blood gains heat from the 
tissues. 

These several gains and losses are for the most part 
going on constantly, but are greater at one tfme than at 
another. Thus the gain to the blood from the alimentfiry 
canal is much greater some time after a meal than just 
before the next meal, though unless the meals be very far 
apart indeed, the whole of the material of one meal has 
not passed into the blood before the next meal is begun. 
Again, though the muscles, even when completely at rest, 
are taking up oxygen and nutritive material, and giving 
•out carbonic acid and other waste products, they give out 
.tind. take in much more when they are at work. So also 
certain “secreting glands’’ as they are called, which we 
shall study presently, such as the salivary glands, have 
periods of rejjose ; it is at certain times only, as when 
food has been taken, that they pour out any appreci- 
able (juantity of fluid. Hence though they are probably 
taking up material from the blood and storing it up in 
their substance even when they appear at rest, they toko 
up much more and so become much more distinctly means 
of Joss to the blood, when they are actively pouring 
out their secretions,^ In the case of the liver the loss to 
the blood is more constant, since the secretion of bile as 
we shall see is continually going on, though greater at 
certain times than at others ; and the materials for the 
bile have to be provided by the blood. Some of the 
constituents of the bile, however, pass back from the 

1 The word “secretion is used hy physiologists in two senses. Pri- 
marily it is used to denote the sum total of the processes by which a 
g:land or organ forms the fluid which it gives out ; thus we say that tlie 
salivary glands “secrete” saliva. But the fluid thus formed is itself 
spoken of as “a secretion.” The word “excretion” is usually applied 
to any fluid which after its formation is useless and requires to bo at 
once got rid of. Thus we say that urine is an excretion which is se- 
creted (i.c. formed) by the kidneys ; and we speak of those secret()ry 
structures which get rid of waste as excretory organs. 
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intestines into the blood ; and so far the loss to the blood 
by the liver is temporary only. 

Of all the gains to the blood perhaps the most con- 
stant is that of oxygen, and of all the losses perhaps the 
most constant is that of carbonic acid ; but even these 
vary a good deal at different times or under different cir- 
cumstances. 

Broadly speaking then the blood gains oxygen from the 
lungs, com})lex organic food materials from the alimentary 
canal, and various substances which we may s[>eak of as 
waste substances from the several tissues ; and it loses on 
the one hand material which we may speak of as con- 
structive material to the several tissues ; and on tlio other 
hand material wliich passes away by the skin, lungs, 
and kidney, as water, carbonic acid, urea, and saline bodies. 

And while it is continually receiving heat from tlie 
several tissues, it is also continually losing heat by the 
skin, lungs, and other free surfaces of the b(Kly. 

The sources of loss and gain to the blood may be con- 
veniently arranged in the following hibular form 

Sources of Los.s and Gain to the Blood. ^ 

A, Sources of Loss : — 

I. Loss of Matter, 

1. The lungs : carbonic acid and water (fairly 

constant). 

2. The kidneys : urea, water, salines (fairly 

constant). 

3. The skin : water, salines (fairly constant). 

4. The tissues : constructive material (variable 

especially in the case of those tissues 
whose activity is intermittent, such as the 
muscles, many secreting glands, &c.). 

1 The learner must be careful not to confound the losses and gains of 
the blood with the losses and gains of the body as a whole. The two 
differ in much the same way as the internal commerce of a country 
differs from its export and import trade. 
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II. Loss of Heat. 

1. The skin. 

2. The lungs. 

3. The excretions by the kidney and the alimen- 

tary canal. 

II Sources of Gain V— • 

I. Gain of Matter. 

1. The lungs : oxygen (fairly constant). 

2. The alimentary canal : food (variable). 

3. Tlie tissues : products of their activity, waste 

matters (always going on but varying 

according to the activity of the several 

tissues). 

4. Tdie lymphatics : lymph (always going on but 

,• . vaiying according to the activity of the 

sevei'al tissues),^ 

11. Gain of Heat. 

1. The tissues generally, esjxjcially the more 

active ones, such as the muscles. 

2. The blood itself, probably to a very small 

extent. 

2. The Kidneys. — In the preceding Lesson we have 
d( ‘.scribed the operation by which the lungs withdraw from 
the blood much carbonic acid and w^ater, and supply 
oxygen to the blood : we now proceed to the second source 
of continual loss, the Kidneys. 

Of these organs, there are two, placed at the back of the 
abdominjil cavity, one on each side of the lumbar region 
of the spine. Each, though somewiiat larger than the 
kidney of a sheep, has a similar shape. The depressed, or 
concave, side of the kidney is turned inwards, or towards 
the spine ; and its convex side is directed outwards (Fig. 
50). From the middle of the concave side (called the 

^ The gain from those lymphatics which are called lacteals, since it 
comes from tho alimentary canal, varies much more. 
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hilus) of each kidney, a long tube with a small l)ore, the 
Ureter (Ur.\ proceeds to the Bladder (TM.). 

The latter, situated in the pelvis, is an oval bag, the 
walls of Avhich contain abundant unstriped muscular filii e, 
while it is lined, internally, by mucous membrane, and 
coated externally by a layer of the 2)entone\ii)i, or double 



Fig. 50 . 

The kidneys (K) ; ureters {Ur.)', with the aorta (Jo.) ; and vena cava 
inferior ( F-C./.) ; and the renal arteries and veins. £/. is the bladder, 
the top of which is cut off so as to show the openings of the ureters (1,1) 
and that of the urethra (2). 

bag of serous membrane which has exactly the same 
relations to the cavity of the abdomen and the viscera con- 
tained in them as the pleurte have to the thoracic cavity 
and the lungs. The ureters open side by side, but at 
some little distance from one another, on the posterior 
and inferior wall of the bladder (Fig. 50, 1, 1). Eiich 
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ureter is lined by an epithelium consisting of several layers 
of cells. Outside of these is a muscular coat made up of 
unstriated mu.scle- fibres, arranged in two layers and 
surrounded externally by some fibrous connective tissue. 
In front of the ureters is a single aj>erture which leads 
into the canal called the Urethra (Fig. 50, 2), by which 
the cavity of the bladder is placed in communicafion with 
the exterior of the body. The openings of the ureters 
cuter the walls of the bladder oldiquely, so that it is much 
more easy for the fluid to pass from tlie ureters into the 
Idadder than for it to get the other way, from the bladder 
into the ureters. 

Mechanically speaking, there is little obstacle to the 
free flow of fluid from the ureters into the bladder, and 
from the bladder into the urethra, and so outwards ; but 
’ certain muscular fibres arranged circularly around the part 
called the “neck’' of the bladder, where it joins the 
urethra, constitute what is termed a sphincter, and are 
usually, during life, in a state of contraction, so as to close 
the exit of the bladder, while the other muscular fibres 
of the organ are relaxed. 

It is only at intervals that this state of matters is 
reversed ; and the walls of the bladder contracting, while 
its sphincter relaxes, its contents, the urine, are dis- 
charged. But, though the expulsion of the secretion of 
the kidneys from the body is thus intermittent, the 
excretion itself is constant, and the urinary fluid flows, 
drop by drop, from the opening of the ureters into the 
bladder. Here it accumulates, untd its quantity is 
sufficient to give rise to the uneasy sensations which 
compel its expulsion. 

3. The Structure of a Kidney.— When a longitudinal 
section of a kidney is made (Fig. 61), the upper end of the 
ureter (U) seems to widen out into a basin -like cavity (P), 
which is called the pelvis of the kidney. Into this 
sundry conical elevations, called the pyraonids (Fy) 
project ; and their summits present multitudes of minute 
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openings — the final terminations of the tubules, of which 
the thickijess of the kidney is chiefly made up. If the 
tubules be traced from their openings towards the outer 
surface, they are found, at first, to lie parallel with one 
another in bundles, which radiate towards the surface, 
and subdivide as they go ; but at length they spread about 
irregularly, and become coiled and interlaced. From this 



Fig. 61 . — Lonottudinal Sbction of the Ht.tman Kidney. 

Ct, th© cortical substance ; M, the medullary substance ; P, the pelvis 
of the kidney; IT, the ureter ; It, A, the renal artery ; Fy, the pyramids. 

circumstance, the middle, part, or medulla (medidla, 
marrow) of the kidney looks different from the superficial 
part or cortex {wrtex, bark) ; but, in addition, the 
cortical part is more abundantly supplied with vessels 
than the medullary, and hence has a darker aspect. Each 
tubule after a very devious course ultimately terminates 
in a dilatation (Fig. 52) odled a Malpighian capsule. 
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Into the summit of each capsule, a small vessel (Figs. 52 
and 53, v.a), one of the ultimate branches of the renal 
artery, which reaches the kidney at the concave side, 
with the ureters, and divides into branches which pass in 
between the pyramids (Fig. 51, jRA), enters (driving the 
thin wall of the capsule before it), and immediately breaks 
up into a bunch of looped capillaries, called a glomer- 
ulus (Fig. 52 (fix which nearly fills the cavity of the 
capsule. The blood is carried away from this glomerulus 



Fig. 52 .— a Malpighian CAm^LE (highly magnified). 

r.a, small branch of renal artery entering the capsule, breaking up into 
the glomerulus, //./, and finally joining again to form tlio vein, v.e. 

c, the tubule ; «, the epithelium over the glomerulus ; 0, the epi. 
thelium lining the capsule. 

by a small vein or vessel (re), which does not, at once, 
join with other veins into a larger venous trunk, but opens 
into the network of capillaries (Fig. 53) which surrounds 
the tubule, thus repeating the portal circulation on a 
small scale. 

The course of the tubules is devious and peculiar. 
After leaving the capsule each tubule becomes twisted 
and is spoken of as convoluted (Fig. 54, II.). Passing 
towards the medulla, at first in a slightly spiral course, 
it proceeds straight down into the pyramid, where it bends 

K 2 
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back upon itself and runs up again into the cortex. The 
loop thus formed is known as the loop of Henle/ and 
the two parts of which it is formed are called the 

descending limb and the ascending limb of the 
loop (Fig. 54, III. IV.). 

Reaching tlie cortex once more the tubule beconie.s 
zigzag and then again convoluted, after which it 



Fig. 58. — Circulation in the Kidney. 

ai, small brancjh of renal artery mving off tlie braiieh va, which enters 
glomerulus, issues as iie, and then breaks up into capillaries, which after 
surrounding the tubule find their way by v into ri, branch of the renal 
vein ; 7n, capillaries around tubules in paris of the cortical substance 
where there are no glomeruli. 


passes into a straight part or collecting tubule, 
which, leaving the cortex finally for the medulla and unit- 
ing with other similar collecting tubules, forms the dis 
charging tubule which finally opens near the summit of 
a pyramid (Fig. 54, V.-IX.). 

Each tubule is lined throughout by cells, the epithelium, 
and the cells differ in their characters in the several 


1 Who first described it. 
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parts of its course. The details of these diflferences 
are numerous and complicated, but the following state- 
ment includes all that is most essential. The cells in 
the convoluted, spiral and zigzag ]>ortions are, on the 
whole, large, very granular and striated, and both the 



Fio. 64.— Diagrammatic View of the Course of the Tubules in 
THE Kiuney. 

r, cortical portion answering to Ct in Fig. 61, I- being close to tUc 
surface of the kidneys ; medullary X)ortion, reaching to the 

summit of the pyramid. 

JX, oi>enmg of tubule on the pyramid; F//1, T//, r/,,tho straight 
I^ortion of the tubules ; F-//, the twisted portion of the tubules ; 7, the 
IVIalpighian capsule. 


cells and their nuclei stain readily and deeply. In the 
collecting tubules the cells are flattened, cubical, quite 
free from granules and do not stain readily. In the 
loop of Henle the cells of the descending limb resemble 
those in the collecting tubules in being flattened and 
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free from granules ; the cells of * .^e ascending limb, 
though small, are somewhat granular and often striated 
and thus present affinities to the cells of the convoluted 
tubules. These two chief types of cells are shown in 
Fig. 55. 

The artery which supplies the kidney enters at the 
hilus and divides into branches which jmss round the 
pelvis and proceed outwards between the pyramids. At 


A B 



Fig. 55.— Types of the two chief kini>s of Cells in the Tubules 
OF THE Kidney. 

A, tubules cut lengthwise ; B, tubules cut {icross. 
a, t 3 rpe of (secreting) cell lining the coiiToluted (spiml and zigzag) 
tubules ; 5, type of cells lining the conducting, collecting and dis- 
charging tubules ; n, nuclei ; c, in B, capillaries seen in section. 


the junction of the 'medulla and cortex these branches 
spread out sideways and form arches. From these arches 
branches run (i) straight out to the surface of the kidney 
giving off smaller lateral branches, of which some pass to 
the capsules while others supply the cajullary network 
round the tubules : (ii) down towards the pyramids, in 
whose substance they break up into capillaries. The 
veins also form arches at the junction of the cortex and 
inedullfiB, into which the blood flows from the capillaries, 
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and leave the kidney by a course parallel to that of the 
entering arteries. 

4. The Composition of Urine and Chemistry of 
Urea. — The renal secretion is a clear yellowish fluid, 



Fio. 5G. — Blood Vessels of Kidney. (Cadiat.) 

«, part of arterial arch ; b, interlobular artery ; c, glomerulus ; d, ef- 
ferent Yossel ; e, capiUaiies of cortex ; small arteries of medulla ; 
, venous arch ; h, stmight veins of medulla ; i, interlobular vein. 


whose specific gravity is not very different from that of 
blood-serum, being 1*020. In health it has a slightly 
acid reaction, due to the presence of acid sodium phos- 
phate. It is composed chiefly of water, holding in solu- 
tion (i) organic mbatances, of which the chief is iirea, 
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with a very much smaller amount of uric acid, (ii) In- 
organic salts^ chiefly sodium chloride and sulphates and 
phosphates of sodium, potassium, calcium and magnesium. 

(iii) Colouriiuf ^natters, of which but little is known. 

(iv) Gases, chiefly carbonic acid with a very small amount 
of nitrogen and still less oxygen. 

An average healthy man excretes about 1,5(K) c.c. 
(50 ounces or 2^ pints) of urine each day. In this art' 
dissolved 33 grammes (1^ oz. or about 2 per cent.) of urea 
and not more than *5 grammes (10 grains) t)f uric acid. 
The amount of salts is about half that of the urea, and of 
this the larger part consists of sodium chloride. 

The tjuantity and composition of the urine vary greatly 
according to the time of day ; the temperature and mois- 
ture of the air ; the fasting or replete condition of the 
alimentary canal ; the nature of the food ; and the amo\int 
of fluid consumed. 

The quantity depends on temperature and moisture t)f 
the air, because, as we shall see (p. 204), these determine 
the greater or less loss of water by the skin, and tims 
leave less or more to be excreted by the kidneys. The 
relationship of fluid consumed to the amount of urine 
excreted is obvious. The compositioti varies with the 
kind and amount of food, chiefly in resjiect of the amount 
of urea excreted, for the nitrogen in urea represents 
nearly all the nitrogen introduced into the body as 
proteids. 

This relationship of the nitrogen in food to the nitrogen 
of urea confers upon urea its supreme importance as a 
constituent of urine. For the body cannot make good its 
nitrogenous waste from any source other than the nitrogen 
introduced into it in the form of proteids, and the nitro- 
gen in this waste leaves the body again chiefly as urea, a 
very small part reappearing in the form of uric acid. 
Hence variations ir the quantity of urea excreted thus 
become the measure of the amount of nitrogen turned 
over or “ metabolised ” in the body from time to time. 
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Urea is a white crystalline solid, very soluble in water, 
and composed of carbon, oxygen, hydrogen and nitrogen. 
Its chemic-al formula is (NH 2 ) 2 C(), from which it is seen 
te contain rather more than 46 per cent, of nitrogen. It 
forms characteristic cryvStalline compounds with -nitric 
acid and oxalic acid, wdiich serve for its qualitative identi- 
fication. When acted on by sodium hypobronnte, urea is 
decomposed in such a way that all the carbon becomes 
carbon dioxide (carbonic acid gas) and the nitrogen is 
given off as a gas : 

(NH2)2C0 + 3NaBiO =1^2 + CO.^ + 2 H 2 O -f 3NaBr. 

This is an important reaction, since by measuring the 
nitrogen evolved the urea may be estimated (luantita- 
tively ; a method now very generally employed. When 
hi solution, under the influence of a ferment sometimes 
.secreted by the mucous membrane of the bladder, or of 
organisms from the air, urea takes up water and becomes 
ammonium carbonate ; 

(NH2)2C0 + 2 H 2 O = (NH 4 ) 2 C 03 . 

This accounts for the ammoniacal odour of sbile urine. 

Historiciilly urea is intere.sting as being the first 
organic animal product prepared (synthetically) from 
inorganic sources. 

5. The Secretion of Urine; — Many of the constituents 
of urine are })resent in blood. These appear in the urine 
dissolved in a large quantity of water, whereas many 
other sulistiinces also present in the blood do not, in a 
state of health, make tlieir way into the urine. This 
suggests the idea that the kidney is a peculiar and delicate 
kind of filter which allows certain substances together 
with a large quantity of water to pass through it, but 
refuses to allow other substances to pass through. And 
when we come to study the minute structure of the kidney 
we find much to support this idea. Thus we saw that the 
surface of the glomerulus is, practically, free, or in direct 
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communication with the exterior by means of the cavity 
of the tubule ; and, further, that in each vessel of the 
glomerulus a thin stream of blood constantly flows, only 
separated from the cavity of the tubule by the capillary 
wall and the very delicate membrane covering the glomer- 
ulus. The Malpighian capsule may, in fact, be regarded 
as a fuimdl, and the membranous walls of the glomerulus 
as a piece of very delicate but peculiar filtering-paper, into 
which the blood is poured. 

And indeed we have reason to think that a great deal 
(jf the water of urine together with certain of the con- 
stituents (the inorganic salts) is thus as it were filtered off 
hy the Malpighian capsules. But it must be remembered 
that the process is after all very different from actual 
filtering through paper ; for filter paper will let everything 
pass through that is really dissolved, whereas the glomer- 
ulus, while letting some things through, refuses to admit 
others, even though completely dissolved. 

Speaking of the process, with this caution, as one of 
filtration, it is obvious that the more full the glomerulus is 
of blood the more rapid will be the escape of urine. 
Hence we find that when blood flows freely to the kidney 
the urine is secreted freely, but that when the blood 
supply to the kidney is scanty the urine also is scanty. 
When the renal nerves going to the kidney are cut, the 
branches of the renal artery dilate, much blood goes into 
the kidney, the blood-pressure is raised in the glomeruli, 
and the flow of urine is copious. If the same nerves 
be stimulated, the arterial tubes are narrowed or con- 
stricted, less blood goes to the kidney, blood-pressure is 
reduced, and the flow of urine is scant}^ or may be stopped 
altogether. 

While speaking of the process which takes place in the 
glomeruli as being thus largely a filtration, we must 
never forget that it is a very peculiar kind of filtration. 
And it acquires its peculiarities from the fact that, as 
in the case of lymph-formation (p. 122) the filtra- 
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tion is t<aking place across tJie substance of living 
cells. 

We can now explain, in jmrt at all events, how it is that 
the activity of the kidney is influenced by the state of the 
skin. The quantity of blood in the body, being about the 
same at all times, if a large quantity goes to the skin, as 
in warm weather and especially when the sldn is active 
and perspiring, less will go to the kidney, and the 
secretion of urine will be smaU. On the other hand, if 
the blood be largely cut oflT from the skin, as in cold 
weather, more blood will be thrown upon the kidney and 
more urine will be secreted. Thus the skin and the 
kidneys play into each other’s hands in their efibrts to get 
rid of the superfluous water of the body. 

^But the whole of the urine is not thus secreted, through 
’a sort of filtering process, by the Malpighian capsules. 

■ The circulation in the kidney is peculiar, inasmuch as the 
blood coming from the glomeruli is not sent at once into 
a vein, but is carried into a second capillary network, 
wrapjjed round the tubules. The tubules are lined, 
as has been stated, by epithelium cells, and these cells, 
in certain parts of the tubule, especially where these are 
coiled, are what is called secreting cells. That is to say 
they have the power, by some means which we do not at 
present fully understand, to take up from the blood, 
which is flowing in the capillaries wound round the 
tubules, or rather from the plasma which exudes from 
those capillaries, and bathes the bases of the cells, certain 
substances, and to pour these substances into the cavity of 
the tubule. 

And we have evidence that many of the most important 
constituents of the urine, such as urea, uric acid and 
others, are thus secreted by the epithelium cells of the 
tubules, and not simply filtered oflp by the Malpighian 
capsules. 

We may give two striking facts in support of this view. 
In some animals the glomeruli of the kidney receive their 
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blood-supply by an artery, which is quite distinct from 
the vessel which takes blood to the tubules. When the 
artery supplying the glomeruli is tightly tied, no bl<»od 
can go to the glomeruli, but nrea is still passed out from 
the kidney and must come from the tubules. Again, 
a certain colouring matter when injected into the bl(n>d 
is excrete'cl in the urine ; this colouring matter can 
easily be tracked through the kidney and be seen to pa.ss 
through the cells of the convoluted tubules and not 
through the walls of the glomerular blood-vessels. 

The formation of urine is therefore a double process. 
A great deal of the water, with probably some of the 
more soluble inorganic salts, passes by the glomeruli, 
but the urea, the colouring matters and a great many 
other of the constituents, are thrown into the cavities <\K 
the tubules by a peculiar action of the epithelium cells. 

6. The History of Urea. —Nitrogen enters the body 
as })roteid food and, practically, all of it leiwes the body 
again as urea. Somewhere or other, and by some means 
or other, the nitrogen while in transit is turned over from 
the proteids into urea. This change involves the whole 
nitrogenous metabolism ^ of the body and from its im- 
porbmce merits a short statement of the chief facts which 
throws some light on the question of where and how urea 
is formed. 

In the first place the urea excreted in the urine is nof 
made in the kidney out of some other (antecedent) sub- 
stance. The activity of the kidney consists entirely in 
picking out ready-made urea from the blood which jmsses 
through it and discharging this urea into the channels 
of the tubules. Hence urea must be made in tissues other 
than the kidney and finds its way from these into the 
blood. 

Nearly half the weight of the body is made up of 

1 The word metabolism (fitra^oX-q = change) is conveniently used to 
denote the sum total of tho.se chemical changes which take pliice in 
living matter, and in virtue of which we speak of it as “ living.’^ 
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muscular tissue, tlie muscles. These muscles are the seat 
of active oxidation even when at rest, and this activity 
is enormously increased at times when they are contract- 
ing. There must therefore always be a considerable wear 
and tear going on in them, and we must sup})ose that this 
leads to the formation of waste, of which some should 
cont^fiin nitrogen, since tlie muscles are chiefly* built U]> 
of nitrogenous material. But this waste does not comfe 
out of the muscles as ready-made urea, neither do we 
know as yet exactly in what form it dt)es leave them. 
In fact all we know is that the muscles give off nitrogenous 
waste, that this waste is presumably turned into urea 
in some other part of the body, and the urea picked out 
and excreted by the kidneys. 

/^ut there is another organ in the body of great size 
anfr^miiortance, the liver (p. 207). This organ is the 
seat of many activities with which we shall deal later on, 
and among these there is no doubt that the making of 
urea out of other substances brought to it in the blood is 
not the least important of them. Wo also know to a 
certain extent what one of these “other substances ” is. 
When we study digestion w'e shall see that one of 
the products of digestion of jiroteids is a nitrogenous, 
crystalline substance known as leucin. This is absorbed 
through the walls of the intestines, carried to the liver in 
the blood of the portal vein, and converted into nren h\j the 
liver. Possibly the liver similarly converts other nitro- 
genous products, which it receives from the tissues, into 
urea. But one thing is certain, a considerable portion of 
tlie urea which is excreted by the kidneys is made in the 
liver. Beyond this fact our knowledge of anything 
definite as to the mode of origin of urea in the body 
is very imperfect and incomplete. 

7. The Structure of the Skin. Nails and Hairs.— 
That the skin is a source of continual loss to the blood 
may be proved in various ways. If the whole body of a 
man, or one of his limbs, be enclosed in a caoutchouc bag, 
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full of air, it will be found that this air undergoes changes 
which are similar in kind to those which teke place in the 
air which is inspired into' the lungs. That is to say, the 
air loses oxygen and gains carbonic acid ; it also receives 
a great cpiantity of watery vapour, which condenses u})on 
the sides of the bag, and may be drawn off by a j)ro})erly 
disposed pipe. Further there is a continual loss of heat 
taking place from the surface of the body. Of these the 
loss of watery vapour and of heat are of immense im- 
portance, for it is chiefly by means of variations in their 
amount from time to time that the temperature of the body 
is kept nearly constant. But before dealing with these 
activities of the skin we must understand the main facts 
as to its structure. 

The skin consists of two parts, an outer layer 
epidermis, resting on a deeper layer, the dermis. 
The skin as a whole is connected to the tissues it covers 
by a layer of loose fibrous connective tissue (see Fig. 28), 
called subcutaneous tissue. This often contains fat, and 
is the part which is cut through when an animal is 
skinned. 

The dermis is made up of a dense feltwork of ordinary 
connective tissue fibres mixed with many elastic fibres 
and some connective tissue corpuscles (see Lesson XI 1.). 
The surface of the dermis is raised uj) into bttle hillocks 
or elevations known as the papillae. Arteries enter the 
dermis and break up into capillaries which are very close 
set at its surface and in the papillje ; thus the dermis 
is extremely vasc'idar. Nerves also run into the dermis, 
and passing outwards, form a branching layer of fibres at 
its junction with the epidermis, and from this layer 
extremely fine nerve fibrils pass out and between the lower 
cells of the epidermis. In some parts of the body, some 
of the branches of the nerves run up into the papilla;, 
where they are connected with special nervous structures 
such as tactile corpuscles and end bulbs. But since 
these are of imoortance solely in connection with the 



Fig. 67 .— Diagram to show the Structure of the Skin. 

E,Cy epidermis corneous part ; E.m, epidermis Malpighian part ; E.c 
connective tissue of dermis ; p, papilla ; gly sweat gland, the coils of the 
tube cut across or lengthwise ; d, its duct ; /, fat ; r, blood-vessels ; 
w, nerve ; t.c. tactile corpuscle. 
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functions of the skin as a sense-organ, they will be 
described later on (see Lesson VIII.). 

The epidermis lies on the dermis and dips down into all 
its depressions. It is composed entirely of cells and has 
no blood-vessels. 

The cells may be divided into two layers. Of these the 
innermost or Malpig’hiaoi layer (Fig. 57, Em.) is made 
up of nucleated cells which are tall and columnar where 
they rest on the dermis, become more rounded and wrinkled 
as they pass outwards, and then flattened and granular. 
The outer layer of the epidermis or corneous layer 
(Fig, 57, Ec.) is made up of cells wdiich, losing their 
nuclei become converted into flattened, thin scales, con- 
sisting of homy material. These are the cells which 
become so strongly developed on parts of the body sub- 
ject to friction such as the hands and soles of the * 10 ^ 1 . 
They are always being shed from the surface of the skin, 
and their place is take by new cells i)assed up from the 
deeper layers of the epidermis (see also Lesson XII.). 

All over the body the skin presents minute apertures, 
the ends of channels excavated in the epidermis, and each 
continuing the direction of a minute tube, usually about 
80 /li (3 of an inch) in diameter, and a quarter of an inch 
long, which is imbedded in the dermis. Each tube is 
lined with an epithelium continuous With the epidemiis 
(Fig. 57 , d). The tube sometimes divides, but, whether 
single or branched, its inner end or ends are blind, and 
coiled up into a sort of knot, interlaced with a meshwork 
of capillaries (Fig. 57, gl, and Fig. 58). 

This coiled-up portion is called a sweat-gland, and the 
tube leading from it- to the sui*face of the skin is its duct. 
The cells lining the duct are small and fiat, those in the 
tube of the gland are larger and more columnar, and may 
be readily stained. 

The blood in the capillaries of the gland is separated 
from the cavity of the sweat-gland only by the thin walls 
of the capillaries, that of the glandular tube, and its 
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epithelium, which, tfiken together, constitute but a very 
thin pellicle ; and the arrangement, though different in 
detail, is similar in principle to that which obtains in the 
kidney. In the latter, the vessel makes a coil within the 
Malpighian capsule, which ends a tubule. Here the 
pers[)iratory tubule coils about, and among, the vessels. 



Fio. 58.— Coiled End of a Sweat-Gland (Fig, 57, iiL \ Epithelium 

NOT SHOWN. 

rt, tlio coil ; 5, tho duct ; c, network of capillaries, inside which the duct 
gland lies. 


In both cases the same result is arrived at — namely, the 
exposure of the blood to a large, relatively free, surface, 
on to which certain of its contents transude. In the 
sweat-gland however there is no filtering apparatus like 
the Malpighian corpuscle of the kidney, and the whole of 
the sweat appears to he secreted into the hdeHor of the tube 
by the action of the epithelium cells which Ivie it. 


o 
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The number of these glands varies in different parts of 
the body. They are fewest in the ])ack and neck, where 



r 


Fig. 59. 

A, a longitudinal and vertical section of a nail ; a, the fold at the base of 
the nail ,* 5, the nail ; c, the Ijed of the nail. The figure H is a transverse 
section of the same— a, a small lateral fold of the integument ; fo, miil : 
c, bed of the nail, with its ridges. Tlio figure C is a highly-int^ified 
view of a part of the foregoing — c, the ridges ; d, the deep layers t>f 
epidermis ; e, the homy scales eoalesccd into nail substixnce. (Figs. A 
and B magnified about 4 diameters ; Fig. C magnified ab<mt 290 
diameters.) • 


their number Ih not much more than 400 to a square inch. 
They are more numerous on the skin of the palm and 
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Fio. r>0.— A Hair in i-m HAiR-SAr. 

a, shaft of hair a))ovu the skin ; 6, cortical substance of the shaft, the 
raetiulla not being visible ; c, newest portion of hair growing on the 
papilLa (/); d, cuticle of hair; c, cavity of hair-sac; /, epidermis (and 
iXMit-sheaths) of tlie hair-sac corresponding to that of the integument (n? ) ; 
p, division between demiis and epidermis ; /t, dermis of hair-sac corre- 
aiwnding to dermis of integumont (f) ; k, mouths of sebaceous glands ; 
n, homy epidermis of integument. • 


sole, where their apertures follow the ridges visible on the 
skin, , and amount to between two and three thousand on 

o 2 
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tho square inch. At a rough estimate, the whole integu- 
ment probably possesses not fewer than from two millions 
and a quarter to two millions and a half of these tubules, 
which therefore must jjossess a very great aggregate 
secreting power. 

In certain regions of the skin the corneous cells of the 
epidermis are not at once throwui oft' in flakes, ljut are at 
first built up in definite structures known as nails and 
hairs, which grow by consLint addition to the surfaces by 
which they adhere to the epidermis. In the case of the 
nails, the process of growth has no limit, and the nail is 
kept of one size simply by the wearing away of its oldest 
or free end. In the case of the hairs, on the contrary, 
the growth of each hair is limited, and when its term is 
reached the hair falls out and is replaced by a new hair. 

Underneath each nail the deep or ihutilc layer 
integument is peculiarly modified to foim the bed of 
the nail. It is very vascular, and raised iq> into 
numerous parallel ridges, like elongated papillm (Fig. 51>, 
B, C). The surfaces of all these are covered with growing 
epidermic cells, which, as they flatten and become con- 
verted int<^ horn, form a solid contiiiu(.)Us plate, the nail. 
xVt the hinder part of the bed of the nail the integument 
forms a deep fold, from the bottom of which, in like 
manner, new epidermic cells are atlded to the base of the 
nail, which is thus constrained to move forward. 

The nail, thus constantly receiving additiotiil from 
below and from behind, slides forwards over its bed, and 
projects beyond the end of the finger, where it is worn 
away or cut off. 

A hair, like a nail, is composed of horny cells ; but 
instead of being only jrartially sunk in a fold of the integu- 
ment it is at first wholly enclosed in a kind of bag, the hair- 
sac or follicle, from the bottom of which a papilla 
(Fig. 60, t), which answers to a single ridge of the nail, 
arises. The hair is develojied by the conversion into horn, 
and coalescence into a shaft, of the 8uj>erficial epidermic 
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cells coating the papilla. The^ coalesced and coniitied 
cells being continually replaced by new growths from 
below, which undergo the same metamorphosis, the shaft 
of the hair is thrust out until it attains the full length 
natural to it. Its base then ceases to grow, and the old 
papilla and sac die away, ])ut not before a new sac and 
papilla have lieen formed by laulding from tlie sides of 
the old one. These give rise to a new hair. The shaft 
of a liair of the head consists of a central [)ith, or 
medullary matter, of a loose and open texture, which 
sometimes contains air ; of a cortical substance snr- 



Kin. ()1 .— Part of thk Shaft of a Hair inolohed wuhin its Root- 

SmEATIIS ANT) TREATED WITH CaFKTIC SODA, WHICH HAS CACSED THE 

Shait to become distorted. 

a, medulla ; h, cortical suRstaucc ; r, c\iticle of tlie shaft ; from il to f. 
the root-shcatlis, in section. (Magnified about 200 diameters.) 


rounding this, made up of coalesced elongated homy cells ; 
and of an outer cuticle composed of flat horny plates, 
arranged transversely round the shaft, so as to overlap 
one another by their outer edges, like tiles on the roof of 
a house. The superficial epidermic cells of the hair-siic 
alsT> coalesce by their edges, and become converted into 
root-sheaths, which embrace the root of the hair, and 
usually come away with it when it plucked out. 

The sebaceous glands are small glands whose duct opens 
into the follicle of a hair. They form a fatty secretion 
which lubricates the hairs. 
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8. The Composition mnd Quantity of Sweat. -Tlie 
sweat glands have the function of forming a fluid, the 
sweat, which is passed out on to the surface of the ])ody. 
This fluid is compovsed chiefly of water containing a small 
amount (1-2 per cent.) of solid matter in solution, chiefly 
sodium chh>ride. In health, sweat contains iio ajiprerlafde 
amount of urea. 

In its normal state the sweat, as poured out fivuii the 
})roper sweat-glands, is alkaline ; but ordinarily, as it 
collects upon the skin, it is mixed with the fatty secretion 
of the sehaf'eov.s (jhnuL^ and then is freijuently acid. In 
addition it contains scales of the external layers of tin' 
eiiidermis, which are constantly being shed. 



Fig. C2.— Sectioji of the Skis showing the Roots of the Hairs ani' 

THE SF.B.ACEOFS G LANDS. 

a, epidermis ; h, muscle of e the hair sheath, on the left hand. 


Under ordinary conditions the sweat is eva}Kjrated from 
the suiface of the skin as fast as it is secretM ; in this 
case it is frequently spoken of as imf'naihU j)ei'spiration. 
But when violent exercise is taken, or under some kind 
of mental emotion, or when the body is exposed to a 
hot and moist atmosphere, the sweat is secreted fastt^r 
than it evaporates : the perspiration then becomes semible, 
that is it appears in the form of scattered drops on the 
surface of the body. 

The quantity of sweat, or sensible perspiration, and 
also the total amount of both sensible and insensible 
perspiration, vary immensely, according to the tempera- 
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ture .‘ind other conditions of the air, and according to the 
stiiie of the blood and of the nervous system. It is estimated 
that, as a gt'neral rule, the (jiiantity of water excreted by 
the shin is about double that given out by the lungs in 
the same time. 

The amount of matter which may lie lost I)y pers]>irati{.)n 
under certain circumstances, is very remarkable. H(‘at 
and st'vcr(‘ labour, combined, may reduce the weight of a 
man twa) or three pounds in an hour, ))y means of the 
cutaneous jxrsjhration alone ; and, as there is some 
reason to Ixilicwe that the (juantity of solid matter carried 
o(f from the blood does n(»t diminish with the increase of 
the amount of the pers])iration, the total amount of solids 
which are eliminated ]>y j»rofuse sw'eating may be 
considerable. 

‘ 9. • A Comparison of the Lungs, Kidneys, and 

'Skin. — It wall now be instructive to compare together in 
more detail than has been done in the first Lt'sson (p. 24), 
the three great organs — lungs, kidneys, {ind skin—- which 
have been described. 

In ultimate anatomical analysis, each of these organs 
consists of a m()ist animal membrane se2)arating the blood 
from the atmosphere. 

Water, carbonic acid, and solid matter pass out from 
the blood through the animal membrane in each organ, 
and constitute its secretion or excretion ; but the three 
organs differ in the al)soliit*e and relative amounts of the 
constituents the escape of wdiich they jKuauit. 

Taken by weight, w^ater is the predominant excretion 
in all three ; most solid matter is given off by the kid- 
neys ; moat gaseous matter by the lungs. 

The skin partakes of the nature of both lungs and 
kidneys, seeing that it absorbs oxygen and exhales 
carbonic acid and water, like the former, while it excretes 
organic and saline matter in solution, like the latter ; but 
the skin is more closely related to the kidneys than 
to the lungs. Hence, as has been already said, when the 



•200 


ELEMENTARY PHYSIOLOGY 


LESS, 


free action of the skin is interrupted, its work is usually 
thrown upon the kidneys, and r/ce vernd. In hot weather, 
when the excretion })y the skin increases, that of the 
kidneys diminishes, and the reverse is ohserved in cold 
weather. 

This jK>wer of mutual suhstitution, however, only goes 
a little way ; for if the kidneys he extirpated, or their 
functions much interfered with, death ensues, howevi*r 
active the skin may he. And, on the other hand, if the 
skin he covered with an impenetrahle varnish, the tem}>e- 
rature of the hmly rajiidly falls, and death takes place, 
though the lungs and kidneys remain active. 

10. The Secretion of Sweat and its Nervous 
Control. — In analysing the process l)y which the per- 
spiration is eliminated from the hody, it must he 
recollected, in the first place, that the skin, even if there 
were no glandular structures connected wuth it, would h(‘ 
in the position of a moderately thick, permeahle mem- 
brane, interposed hetw^een a hot fluid, the blood, and the 
atmosphere. Even in hot climates the air is, usually, far 
from being completely saturated with watery vapour, and 
in temperate climates it ceases to he so saturated, the 
moment it conies inte contact with the skin, the temjierature 
of wdiich is, ordinarily, twenty or thirty degrees above its 
own. 

A bladder exhibits no sensible pores ; but if a bladder 
be filled with w ater and suspended in the air, the water 
will gradually ooze through the walls of the bladder, and 
disappear by evaporation. Now, in its relation to the 
blood, the skin is such a bladder full of hot fluid. 

Tlius, perspiration to a certain amount, must always be 
going on through the substance of the integument, but 
probably not to any great extent ; though wdiat the 
amount of this perspiration may be cannot be accurately 
ascertained, because it is entirely masked by the secretion 
frfun the sweat-glands. 

When from any ordinary cause an increased formation 
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of sweat takes place, two things usually happen. The 
small arteries which supply the capillary network 
surrounding the coiled tube of the sweat-gland dilate 
and there is an increased flow of ])h)od through tliese 
ca[)illaries. At the same time the cells of the glands ]>egin to 
pour out an increased quantity of fluid, in other words they 
begin to secret^;, llie first of tlie above twft results is 
Inought about by a lesstniinff of the 
ioijndses which had ]>ievioiisly lieen keeping the arteries 
c<mstrioted (see p. 08). But what, on the other hand, is 
the cause of the simultaneously increased activity of the 
sweat-glands? Do they simply secrete faster because of 
the increased supply of blood brought to them ? Or is it 
because their cells are urged on to great/cr activity by 
•special nervous impulses sent to them ? The latter is the 
•real .explanation of the increased activity of tlie cells, as 
, shown by the following facts. 

It is })ossible to obtain an increased secretion of sw'oat 
])y the stimulation of nerves in parts of an aniinal’s body 
from whicli the blood supply has been previously cut off. 
Again, certiin drugs may lead to sweating without at the 
same time producing any vascular changes, and the same 
effect is often observed in sweating which results from 
mental emotions and in the “cold sweats” of a disease 
such as phthisis. The nerves wdiich can thus make the 
cells of the sweat-glands become more active may be called 
secretory nerves. They api>ear to be connected with 
a centre in the central nervous system, and l>y this means 
sweating may be Inought about reflexly, as when placing 
mustard in the mouth ciiuses the face to sweat. The 
possibility of such I’eflex stimulation of the sweat-glands 
acquires an extraordinary importance, as we shall see 
when we come to consider the means by which the tem- 
perature of the body is regulated 204). 

The ideas we have thus arrived at as to the process of 
sweat secretion hold good for all secreting glands ; and 
we shall have to consider them again later on, when 
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dealing with certain of the salivary glands, in which this 
independence of secretion and blood-supply is much more 
strikingly shown (see Lesson VI.). 

11. Animal Heat : its Production and Distribution. 
— It has been seen that heat is being constantly given oh* 
from the skin and from the air-pass«agos : and everything 
that passes from the body carries away witli it, in like 
manner, a certain (juantity of heat. Furthermore, tlie 
surface of the })ody is much more exposed to cold than its 
iiiterioi*. Nevertheles.s, the tempeiatnre of the body is 
in health maintiiined very evenly, at all times and i*i all 
parts, within the range of two degrees or even less on 
either side of 37^ C. (98*6" Fahrenheit^ 

This is the result of three conditions the first, that 
heat is constantly being genei'ated in the body ; the 
second, that it is as constantly l)eing distributed throligh 
the body ; the third, that it is subject to incessant 
regulation as regards both lo.ss and production. 

Heat is generated whenever oxidation takes [dace. ‘ As 
we have seen, the tissues all over the body, muscle, biain- 
substance, gland cells and the like, are continually under- 
going oxidation. The living substance of the tissue, built 
up out of the complex proteids, fate, and carbohydrates, 
and thus even still more complex than these, is, by means 
of the oxygen brought by the arterial blood, oxidised, and 
broken down into simpler more oxidised bodies, which 
are eventually reduced to urea, carbonic acid, and 'water. 
Wherever life is being manifested these oxidative changes 
are going on, more energetically in some [daces, in some 
tis.sues, and in some organs, than in others. Hence every 
capillary vessel and e^v ery extra-vascular islet of tissue is 
really a small fireplace in which heat is being evolved, in 
[)roportion to the activity of the chemical clianges which 
are going on. 

The chief seat of this heat production is undoubtedly in 
the muscles ; for, as already pointed out, they make u[) 
about half the body- weight, and are carrying on an active 
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oxidation even while at rest. This gives rise to lie-it, and 
when a nuiscle enters into a state of contracting activity, 
the lieat production hecoiues so rapid as t<) produce an 
actual measurahhi rise of its temperature. After the 
muscles we may regard the liver as the .next great heat- 
producing organ of the body. 

But as tlie vital activities of different parts of the 
body, and of the whole body, at different times, are viu'y 
different ; and as some })arts of the body are so situated 
•as to lose their lu'at by radiation and conduction much 
more easily than others, the temperature of the body 
Would ))e ^'ery unequal in its different parts, and at 
different times, were it not for the arrangement h}' which 
the heat is distributed and regulated. 

Whatever oxidation occurs in any part, raises the tem- 
l)era*ture of the blood which is in that |>art at tlie time, 
to a proportional extent. But tliis blood is swiftly hurried 
away into other regions of the body, and raj)idly gives up 
its excess heat to them. On the other hand, the blood 
which, by being carried to the vessels in the skin on the 
surface of the body begins to have its temperature lowered 
by evaporation, radiation, and conduction, is hurried 
away, before it has time to get thoroughly cooled, into the 
deeper organs ; and in them it becomes warm by contact, 
as well as by the oxidating processes there going on. 
Thus the blood-vessels and their contents may be 
compared to a system of hot- water pi})es, through wdiich 
the warm w^ater is kept constmtly circulating by a pump ; 
while it is heated not by a great central boiler as usual, 
but by a multitude of minute gas jets, disposed beneath 
the pipes, not evenly, but more here and fewer there. It 
is obvious that, however much greater might be the heat 
applied to one part of the system of pii)es than to another, 
the general temperature of the water would be even 
throughout, if it were kept moving wdth sufficient quick- 
ness by the pump. In this way, then, the temperature of 
the body is kept uniform in its several parts. 
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12. Eegulation of Body-temperature by Altered 
Loss of Heat. — If a system such as we have just 
imagined were entirely composed of closed })ipes, the 
temperature of the water might he raised to any extent 
by the gas jets. On the other liand, it might he ke})t 
down to any r^(uirod degree hy ciiusing a larger, or 
smaller, poftion of the pipes to he wetted witli water, 
whicli should he able to evaporate freely — as, for example, 
hy wrapping them in wet cloths. And the greater the* 
(piantity of water thus evaporated, tlie lower would he 
the temperatui'e of the w hole apparatus. 

Now, the regulation of the temperature of the liuman 
body is chiefly effected on this princij)le. The vessels are. 
closed })ipes, but a great number of them are inclosed in 
the skin and in the mucous membrane of the air-})assages, 
which are, in a physical sense, wet cloths freely ex])osed to 
the air. It is the evaporation from these which exercises 
a more important influence than any other conditif)n ujiijn 
the regulation of the temperature of the bl<K>d, and, con- 
.sequently, of the body. 

But, as a further nicety of adjustment, the wxtness of 
the regulator is itself determined, through the aid of tlu* 
nervous system, by the temperature of the body. Hie 
sweat-glands, as we have seen, may be made to secrete by 
impulses reaching them along certain nerves coming from 
a centre in the central nervous system. This centre is 
itself connected by other nerves with the skin, and the 
ends of these cutaneous nerves are so constituted that 
they are stimulated by heat ajiplied to the skin. When 
the body is exposed to a high temperature (and the same 
occurs when a part only of the body is heated), these 
cutaneous nerves convey impulses to the central nervfius 
system, from which other impulses are then sent out 
along the secretory nerves to the sweat-glands and ciiuse 
them to pour forth a copious secretion on to the skin ; 
and when the temperature falls, the glands cease to act. 
Moreover, in this work of secreting sweat, the sweat- 
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glands are assisted by corresponding changes in the blood- 
vessels of the skin. It has been steted (see p. 68) that 
the small arteries of the body may be sometimes narrowed 
or constricted, and sometimes widened or dilated. Now 
tlie condition of the small arteries, whether they are 
constricted or dilated, depends, as we have also seen, 
upon the action of certain nerves (vaso-motbr nerves). 
And it appears that when the body is exposed to a high 
temperature these nerves are so affected as to lead bj a 
dilation of small arteries of the skin ; but when these 
are dilated the capillaries and small veins in which they 
end become much fuller of blood, and from these filled 
and swollen capillaries much more nutritive matter passes 
through the capillary walls to the sweat-glands, so that 
these have more abundant material from which to manu- 
facture sweat. On the other hand, when the body is 
.lowered in tem])erature the vaso-motor nerves are so 
affected that the small arteries of the skin are constricted ; 
hence less blood enters the capillaries of the skin, and 
less material is brought to the sweat-glands. 

Thus wlien the temperature is raised two things happen, 
both brought aljout by ilie nervous system. In the first 
l)lace, the arteries of the skin are widened so that a much 
iai'ger proi)ortion of the total blood of the body is carried 
to the surface of the skin and there becomes cooled : and, 
secondly, this cooling process is greatly helped by tlie in- 
creased evaporation resulting fi*om the increased action of 
the sweat-glands, wdiose activity is further favoured by the 
presence in the skin of so much blood. Conversely when 
the temperature is lowered, less of the blood is brought to 
tlie skin, and more of the blood circulates through the 
deeper, hotter j)arts of the body, and the sweat-glands 
cease their work (this ipiiescence of theirs being in turn 
favoured by the lessened blood-supply); hence the evajx>- 
ration is largely diminished, and tlms the blood is much 
less cooled. 

Hence it is that, so long as the surface of the body per- 
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spires freely, and the air-passages are abundantly moist, a 
man may remain with impunity, for a considerable time, 
in an oven in which meat is being cooked. The heat of 
the air is exj)euded in conv^erting this superalnindant per- 
spiration into vapour, and the tem})eraturo of the man’s 
blood is hardly raised. 

13. Regiilation of Body-temperature by Altered Pro- 
duction of Heat. - The temperature of the body is kept 
constant by that carefully adjusted variation in loss of 
heat from its surface which lias been described in the 
ju’cceding section. But now we may point out that there 
is arndher way by which this constancy me/Zd be attained, 
namely by ulteriiuj the product iitn of hcot Liking [>iace in 
tlie body, in correspondence to the changes of the sur 
rounding temperature ; just as the temperature of a room 
may be regulated by putting out or increasing the tire as 
well as by opening or closing its windows. The (piestion 
thus raised is very interesting, but it is also very abstruse, 
and we must not do more than just touch upon it. 

All oxidation in the body involves the consumjition of 
oxygen, the production of carbonic acid and the genera- 
tion of an exactly corresp<mding (fuantity (»f lieat We 
may therefore take the difference in the amount of oxygen 
used up (and of carbonic acid produced) at different times 
as a measure of the amount of heat being [iroduced in the 
Imdy during the same periods. Working in this way it is 
found that when a warm-blooded animal is exposed ti> 
cold, as when it is put into a chamber which is cooled, 
it uses uji more oxygen and gives off more cailionic acid 
than when put into a warm chamber. But this can only 
mean that in the cooler surroundings the animal makes 
more heat than when the surroundings are warm. Again 
we may point out, as tending to the same conclusions, 
that our desire for fc»od is greater, on the whole, in the 
cooler winter time than in the warmer summer ; and all 
food is oxidised in the body and during this oxidation 
gives rise to heat. Thus there are reasons for supposing 
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that within certain limits altered production of heat may 
play some part in keeping the temperature of the body 
consbint. 

All the functions of the body which we have so far 
studied have been seen to be under the guidance of nervous 
impulses. We may therefore suppose that tlie production 
of heat will be no exception to the rule, and iadeed tliere 
are reasons, based largely on experiment and jxirtly on 
tlie phenomena of cerbiin diseases, which justify this view. 
More than this we must not siiy. 

14. The Temperature of Fever. ~The condiHon to 
which the name of fever is given is cliaracterised essen- 
tially by the temperature of the body being higher than is 
usual in health. Thus it may rise to as much as 41^ C. 
( 1 05 '8' F.) or occasionally even above this point, and there 
.has been much disjmte as to how this high temperature 
arises. By many it is regarded simply as tlie outcome of 
a disturbance of the mechanism by which heat is lost to 
t he body, some diminution in loss of heat leading naturally 
to a rise of temperature ; and jirobably, this is the most 
common cause of the rise of temiierature. But on the 
other hand direct measurement shows that a fevered 
person often ijires off more heat tlaai usual and at the same 
time uses u}) more oxygen and produces more Ccirbonic 
acid and urea than is usual. In such cases there is ni> 
doubt that the abnormally high temperature is largely due 
to an over-production of heat. 

15. Th© Liver. — The liver is a conshint source both of 
loss, and, in a sense, of gain, to the blood which jiasses 
through it. It gives rise to loss, because it secretes a 
peculiar fluid, the bile, from the blood, and throws that 
fluid into the intestine. It is also in another way a 
source of loss because it elaborates from the blood j)assing 
through it a substance called glyoog*©!!, which is stored 
up sometimes in large, sometimes in small, quantities in 
the cells of the liver. This latter loss, however, is only 
temporary, and may be sooner or later converted into a 
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gain, for this glycogen very readily passes into sugar, and 
either in that form or in some other way is carried off by 
the blood. In this respect, therefore, there is a gain to 
the blood of kind or quality though not of (quantity of 
material. 

The liver is the largest glandular organ in the body, 
ordinarily ^'cighing about 1,400-1,700 grammes (fifty or 
sixty ounces). It is a broad, dark, red-coloured organ, 
which lies on the right side of the body, immediately below 



Fio, (33.— The livek Tukned Ur and Viewed from Below. 

vuna cavu ; 6, vena x>orte ; c, bile duet; »/, hei>atic artery ; /(gall- 
bladder. nie termination of the hepatic vein in the vena cava is not 
seen, being covered by the xneee of the vena cava. 


the diaphragm, with which its upper surface is in contact, 
while its lower surface touches the intestines and the right 
kidney. 

The liver is invested by a coat of peritoneum, which keeps 
it in place. It is flattened from above downwards and 
convex and smooth above, where it fits into the concavity 
of the lower surface of the diaphragm. Flat and irregular 
below (Fig. 63), it is thick behind, but ends in a thin edge 
in front. 

Viewed from below, as in Fig. 63, the inferior vena 
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ca,va, (f, is seen to traverse a notch in the hinder edge of 
the liver as it passes from the abdomen to the thorax. 
At h the trunk of the vena portae is observed dividing 
into the chief branches which enter into, and Lamify 
tlirough, the substance of the organ. At d, the hepatic 
artery, coming almost directly from the aorta, similarly 
divides, enters the liver, and ramifies through*it. At c is 
the single trunk of the duct, called the hepatic duct, 
which con\eys away the bile brought to it by its right 
and left branches from the liver. . Opening into the 
he])atic duct is seen the duct of a large oval sac, I, the 
gall-bladder. The duct is smaller than the artery, and 
the artery than the jauhil vein. 

The liver consists of twa) chief lobes of which the right 
is much larger than the left. Externally the lobes are 
•c‘ovcyed with a layer of connective tissue forming its 
capsule, and a (juantity of connective tissue forms a thick 
sheath for the vena poidte, hepatic artery and hile-duct, 
as these [)lunge into the liver. This sheath accomjmnies 
the vessels as they ramify into the liver and finally forms 
a number of partitions, continuous with the capsule on the 
outside, which divide each lobe into ji very large number 
of smaller divisions called lobules. These j)artiti()ns 
are much thicker and more conspicuous in some animals, 
such as the pig, than they are in others, such as the 
rabbit ; in the former it is very easy to see on the outside 
of the liver the outlines of the lobules; in the latter it is not 
sf> easy. The lobules are about of an inch in diameter 
and are thus visible to the naked eye. Each lobule is 
made up of a mass of cells, the hepatic cells, which lie 
in the meshes of a close-set netw'ork of blood capillaries. 
These capillaries radiate from a small blood-vessel which 
runs down the centre of eacli lobule tow^ards its base ; 
this central blood-vessel is called, the intralobular 
vein (Fig. 64, A, B.V.), and, passing out of the lobule 
at its base, runs into a branch of that great vein, the 
hepatic vein, which carries the blood away from the 




Fig. C4. 

A, Section of partially injected liver magnified. Tlic artificial white 
line is introduced to mark the limits of a lobule. F./*, branches of 
portal vein breaking up into capillaries, which nm towards the centre of 
the lobule, and join H. F, the intralobular branch of the hepatic vein. 
The outline of the liver cells are seen as a fine network of lines through- 
out the whole lobule. 

B. Portion of lobule very highly magnified, a, liver cell with w, 
nucleus (two are often ijrescnt) ; b, capillaries cut across ; c, minute 
biliary piwsages between the cells, inject^ with colouring matter. 
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liver. In this way each lobule comes be seated by its 
base on a branch of the hepatic vein (Fig. G5, H.V.). 

If the brandies of the hepatic artery, the porhU vein, 
and the bile din^t be traced int-o the substance of the liver, 
they will be bnind to accom]>any one another, and to 





Fio. G.';.— A Sk('tion of Part of tuk Liver to show 

JI.V, a >)ranch of the hepatic vein, with i, the lohnlcs or acini of the 
liver, seated ni>oii its walls, and sending their intralobular veins into it. 


branch out and subdivide, becoming smaller and smaller. 
At length the ultimate branches of the portal vein (Fig. 64, 
F.P.) reach the outer surfaces of tiie lobules, and passing 
round and betw een them are known as the interlobular 
veins. These veins pour their blood into the network 
of capillaries which permeate each lobule. The branches 

p 2 
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of the hepatic artery follow a course parallel to that of 
the portal vein and finally, reaching the surface of a 
lobule, pour the blood they carry into the lobular 
capillaries. 

Thus the venous blood of the portal vein and the 
arterial blood of the hepatic artery reach tlie surfaces of 
tlie lobules by the ultiiiiate branches of thfit vein and 
artery, become mixed in the ca]>illaries of each lobule, 
and are carried off by its intrulohulav veinlet, wliich pours 
its contents into one of the branches of the hepatic vein. 
These l)ranches, joining together, form larger and larger 
trunks, which at length reach the hinder margin of the 
liver, and finally open into the rcao card hifer'u)i\ 
where it pas.ses upwards in contact with that ])art (»f the 
organ. 

Thus the blood with which the liver is su])];)lied is a 
mixture of arterial and venous blood : the fornu‘r Imuight 
by the hepatic artery directly from the aorta, the latter 
by the porbil vein from the capillaries of the .stomach, 
intestines, pancreas, and spleen. 

In the lobules themselves all the meshes of the blood- 
vessels are occu])ied by the lirer rcZ/.v, or hepdfic, rells. 
These are many-sided minute bodies, each about 25^ ( i (,\ 5 (^th 
<jf an inch) in diameter, posses.sing a nucleus in its 
interior, and frequently having larger and smaller gran- 
ules of fatty matter distribut-ed through its subsLince 
(Fig. (>4, B, d). It is in the liver cells that the active 
po Avers of the liver re.side. 

The smaller branches of the hepatic duct, lined by an 
epithelium, wdiich is continuous Avith that of the main 
duct, and thence with that of the intestines, intf) which 
the main duct opens, may be traced to the very surface of 
the lobules, where they seem to end abruptly (Fig. 60). 
But, upon closer examination, it is found that they 
communicate with a network of minute passages passing 
between the hepatic cells, and traversing the lobule in 
the intervals left by the capillaries (Fig. 64, B, c). These 
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minute passages are the bile canaliculi. The bile 
manufactured by the hepatic cells finds its way first into 
these minute passages, and from them into the ducts. 

16. The Work of the Liver. Its Glycogenic Func- 
tion.— The work of the liver, and this, as has been said, 
is carriixl out by t he luipatic cells, may be considered as 
consisting of two kinds. 

<)ii the one hand, the liepatic cells are continually en- 





Flu, 60 .- Termination of Bii.e Dir t at Ed(;e of Lobi le ^somewhai 

mAGKAMMATH). 

b, small bile dvu*t, becoming still smaller at />', tbo low, flat cpithelivim 
at last suddenly changing into the hepatic cells, /, the channel of the bile 
dnet being continued as small passages between tlie latter, r, eapillary 
blood-vessel cut across. 


gaged in tlie manufacture of a complex fiuitl called bile, 
which they pour into the minute passages spoken of 
above, and thence into the branches of tlie liepatic duct ; 
wdieiice it flows through the duct’itself into the intestines, 
or, when digestion is not going on and the opening <d 
the duct into the intestine is closed, back to the gall- 
bladder. The materials fur this bile are supplied to the 
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hepatic cells by the blood ; hence the secretion of the 
bile constitutes a loss to the blood. 

The totiil quantity of bile secreted in the twenty-four 
hours varies, but proba})ly amounts to not less than from 
two to three pounds. It is a golden yellow, slightly 
alkaline tiivd, of extremely bitter taste, consisting of 
water with from 15 per cent, to half that quantity of 
solid matter in solution. We shall deal with the com- 
position of bile and the nature of its constituents when 
we come to speak of it in connection with digestion. 
For the present we may say that its colour is due to 
bile -pigments ; that it contains certain compounds of 
sodium with organic acids called bile~salts ; a remark- 
able crystalline substance called cholesterin ; and 
some inorganic salts. 

Of these constituents of the bile the essential sub- 
stances, the bile acids and the colouring matter, are not 
discoverable in blood which enters the liver ; they must 
therefore be formed in the liepatic cells. How they are 
exactly formed we do not at ju’esent clearly know. The 
material of which they are composed is brought to the 
hepatic cells by the blood, but the exact conditi^jn of 
that material — whether, Utv instance, the blood brings 
something very like the bile acids, and only needing a 
slight change to be converted into bile acids ; or whether 
the hepatic cells manufacture the bile acids from the be- 
ginning, as it were, out of the connnon material which 
the blood brings to the liver as to all other tissues and 
organs — is not as yet (]|uite determined. There is how- 
ever but little doubt that the pigment of bile is in some 
waj^ made out of the hmmoglobin of the red blood-cor- 
puscles. The saline matters and cholesterin, on the 
other hand, appear to, be present in the bhrod of the 
portal vein, and may therefore, like the water, be simply 
taken up by the cells from the blood, and passed on to 
the bile ducts. 

Thus the bile is a continual loss to the blood. But, 
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besid( 3 R fonning bile, the hepatic cells are concerned in 
other labours, tlie result of which can hardly be con- 
sidered eithei- as a loss or as a gain, since these labours 
simply consist in manufacturing from the blood and 
stoiing up in the he}>atic cells substances which, sooner 
or later, are returned, generally in a changjed condition, 
l)ack into the ])lood. 

As we shall presently see, the portal 1)1 c^(k 1 is, aft<n‘ a 
meal, heavily laden with substances, the result of the 
digestive changes in the alimentary canal. When these 
substances, carried along in the portal blood, reach the 
hepatic cells, in the meshes of the lobules, some of 
them appear to be taken uj) by those cells and to be 
stored up in them in a changed condition. In fact, the 
products of digestion passing along the portal veins 
suficr (in the liver) a further change, which has been 
called a secondary digestion. Thus the liver ])roduces 
a powerful effect on the quality of the hlood passing 
through it, so that the blood in the hepatic vein is very 
different, esj)ecially after a meal, from the blood in the 
portal vein. 

TJ\e changes thus effected by the hepatic cells are 
probably very immerous, but they have not been fully 
worked out, except in (uic particular case, which is very 
interesting and deserves special attention. 

It is found that the liver of an animal wdiich has l)een 
woll and regularly fed, when examined immediately after 
death, contains a considerable (juaiitity of a substance 
wdiich is very closely allied to starch, consisting of carbon, 
hydrogen, and oxygen in ]>ro])ortions the same as in 
starch. This substance, which may l^y pia)[)er methods 
be extiacted and preserved as a white pow’der, is in fact 
an animal starch, and is called glycogen. As we 
shall see, common starch is reaSily changed by cerbiin 
agents into grape-sugar, ^)r dextrose, as it should be called ; 
and this glycogen is similarly converted with ease into dex* 
trose. Indeed, if the liver of such an animal as the above, 
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instead of being examined immediately after death, be 
left in the body, or be placed on one side after remova'i 
from the body for some hours before it is examined, a 
great deal of the glycogen will have disi\p]ieared, a quantity 
of dextrose having taken its place. There seems to be 
present in the liver some agent capable of converting the 
glycogen into dextrose, and this change is j>articularly a])t 
to take place if the liver is kept at blood-heat or near 
that tem])erature. 

Now if, instead of the liver of a well-fed animal, the liver 
of an animal which has been starved for several days be ex- 
amined in the same way, very little glycogen indeed will be 
found in it, and when this liver is left exposed to warmth 
for some time very little dextrose is found. That is to 
say, the liver has, in the first ca.se, formed the glycogen 
and stored it uj) in itself, out of the food brought to it i)y 
the portal blood ; in the .sec».>nd case, no food has been 
brought to the liver from the alimentary canal, no glyco- 
gen has been formed, and none stored u]». If the liver 
in the first case be examined micro.scoj)ically with certain 
precautions, the glyc<>gen may be seen stored uj> in the 
het)atic cells ; in the second case little or none he 
seen. 

The kind of food which best promotes the storing up 
of glycogen in the liver is one conbuniiig sUircli or sugar ; 
but some glycogen wdll make its a})pearance even when 
an animal is fed on an exclusively jjroteid diet, tlujugh not 
nearly so much a.s when starch or sugar is given. 

It would appear, then, that the hepatic cells can manu- 
facture and store up in themselves the substance glycogen, 
being able to make it out of even proteid matter, but more 
easily making it out of sugar ; for, as we shall see, all the 
starch which i.s eaten as food is converted into sugar in the 
f'llimentary canal, and reaches the liver a.s sugar. 

There are reasons for thinking that the glycogen, thus 
de}K)sited and stored up in the liver, is converted into 
sugar little by little as it is wanted, poured into the 
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iuipritic vein, and thus distributed over the b<xiy. So that 
we may regard tliis remarkable formation of glycogen in 
the liver as an act by which the blood, when it is over- 
rich in sugar, as after a meal, stores it iij) or deposits it in 
the liver as glycogen ; and then, in the intervals between 
meals, the liver deals out the stored-uj) material as sugar 
back again in driblets to the blood. The loss to*the blood, 
therefore, is temporary — no more a real loss than wlien a 
man deposits at his banker’s some money wliich he luis 
rec(uved until he has need to spend it. 

This story of glycogen, important in itself, is also use- 
ful as indicating other })ossiblc effects of a similar nature 
which the hepatic cells may bring about on the blood, as 
it is passing in the meshes of the lobules of tlie liver from 
the veinlets of tlic portal to the veinlets of the hepatic vein. 

’ 17.- The Spleen.~-The spleen lies in the abdominal 
•cavity, slightly below and towards the left side of tlie 
slomacli an(l immediately to the left of tho tail of the 
pancreas (Fig, (>7), It is an elongated, flattened, red 
body, abundantly supplied witli blood by an artery called 
the Splenic artery, which ])roceeds almost directly from 
the ao|’J|a. The blood which has traversed tho spleen is 
collected by the splenic vein, and is ciirried by it to 
the portal vein, and so to the liver. The spleen is 
covered by a capsular sheath of connective tissue mixed 
with a g(HKl deal of elastic tissue and in some animals 
a great deal of iinstriated muscle fil)res. Somewhat in 
the same way as in a lymphatic gland (p. 89) this cap- 
sule sends In’anching projections t)r trabeculse inwards 
which divide the organ up into a number of irregular 
spaces, and these spaces are tilled with a mass of spongy 
tissue called the spleen-pulp. The pulp is traversed 
by a network of liranchiiig cells whose ])rocesses are 
somewhat flattened and join on* to the ]>roeesses of 
neighbouring cells. The meshes of t,his network are 
occiijued by red bh'od corpuscles, by colourless cor- 
puscles closely similar to those of lymph, and by otlier 



218 


LESS, 


ELEIVIENTARY PHYSIOLOGY 

kinds of ceils peculiar to the spleen. Some of tlu- 
latter resemble a colourless corpuscle td l)lo«Hi in that 
they can pei*forin aiiachoid movements, but tJu'V are 
hirg6r find CfUjtiuii hi their suhshiitce red vt >rj tiiscles in 
various stages of disintegration. 

A section of the spleen sliows a dark red Kj>ongy mas.'> 
dotted over with minute wlnti.sh spi>ts. Eacli of these 
last is the section of one of the spheroidal bodies t^iilled 



Fin. (57. 

l iic silicon with the splenic arU'ry Jjcluvv tliis i.s seen the 

splenic vein rinining to help to form the vena portm M'. the 
lorUi; i>, a pillar of the diaphragm ; r.D. the jKtncreatic dnet exposed 
liy dissection in the suhstance of tlic pancreas; />>a, the diiodcnufti ; 
/i.n, the biliary duct uniting with tlic pincreatic duct into the conmn'ii 
duct, jj; y, the intestinal vessels. 

corpuscles of the spleen, or Malpighian cor- 
puscles, which are scattered through its substaiK^e. 
These corpuscles consist of little masses of lymplioid 
or adenoid tissue, very similar to that found in the 
lymphatic glands (p. IK)), which surround the smaller 
Iminches of the arteries. They are crowded with leuco- 
cytes, and hence they stand out as white specks against 
the dark red pulj) of the spleen. 

The smallest branches of the arteries which carry blood 
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into the «}>leen, intt> tiie network of the Kpleen'|ml{>, 
so that the blood flows into and through this network ; 
it is then gathered up again int<» the ends of tiny reins, 
which sitnilitrly (tpen into the sjtJcen-jjiiljf, nnd airry the 
blood away into the splenic vein. 

VV'e are still very much in the dark as to the functions 
of the spleen ; they are without doubt of sorie iinj>ort- 
ance ; but cm the other hand the spleen may be perman- 
ently removed from the body without proSucing any 
obvious derangement of its working. 

The elasticity of the splenic tissue allows the organ to 
be readily distended with blood, and enables it to return 
to its former size after distension. It appeixrs U) change 
its dimensions with the state of the abdominal viscera, 
attaining its largest size about six hours after a full meal, 
and fulling to its minimum bulk six or seven hours later, 
if no further supply of food be taken. 

The blood of the splenic vein is found to contain pro- 
portionally fewer red corpuscles, but more colourless 
corpuscles, than in the splenic artery ; and it .has been 
supposed that the spleen is one of those parts of the 
econoiHi^ in which, on the one hand, colourless corpuscles 
of the blood are })rodueed, and, on the other, red corpuscles 
die and are broken up. 

18. The Thymus Gland. -- This is an organ which lies 
over the trachea, in the lower part of the neck and 
behind the sternum at the base of the heart. It is con- 
si)icuous at birth but soon begins waste away, and in 
the adult is replaced by a small amount of connective 
tissue and fat. In structure it somewhat resembles a 
lymphatic gland ; thus it has an external capsule from 
which trabecuhe pass inw^ards and divide it up into regular 
compartments or follicles. These follicles are tilled with 
a network of lymphatic connective tissue which is crowded 
with leucocytes. 

Nothing very definite is known of the function or use 
of this gland. 
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19. The Thyroid Body or Gland. — ^This organ consists 
of two lobes, one lying each side of the trachea just below 
the larynx and joined across the trachea by a connecting 
strip of its own tissue. Each lobe is covered with a 
capsule of connective tissue from which branches pass 
inwards and divide the interior into rounded spaces or 
alveoli. *E{ich alveolus is lined by a layer of cubical cells 
so as to leave a large central space ; this S|«ice in each 
alveolus Is filled with a clear, viscid, often semi-solid, 
fluid. The viscidity of this fluid is due to the presence 
in it of a substance which in some respects is like the 
mucin of mucus. 

The thyroid gland seems t<j have a good de^il to do with 
the nutrition of the l)ody. When diseased in man, it 
often leads to nutritive disorders, strikingly manifest in 
the skin, but also involving other organs and tissues, 
especially perhaps the nervous system and thus leading 
to nervous troubles. Occasionally tlie degenerations of the 
tissues take on the form of a change into a mucin-like 
substaiice. These troubles may be largely mitigated by 
administering an extract of the fresh gland or by eating 
the fresh glaiid-subsbince. Goitre is an enlar ^ nent of 
the thyroid, and cretinism, a peculiar fornl of idioc}' 
common in some places, is associated with its diseased 
c(mdition. 

20. The Suprarenal Bodies. —The suprarenal bodies 
are two in number, are placed on the upper edge of each 
kidney. They are enveloped in an outer coat or capsule 
of connective tissue from which partitions pass into their 
interior. In this way each suprarenal is divided up into 
compartments. In the outer or mrtical part the compart- 
ments are long and narrow, and placed with their long 
axis at right angles to the surface of the organ. In the 
centre or medtdkiry portion the connective tissue forms a 
somewhat coarse network. The elongated s[)acea in the 
cortex are filled with large angular cells, })laced in rounded 
groups immediately next to the capsule, but arranged 
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more in columns towards the central parts of the com- 
j)artnients. The cells which fill the s{)aces of the medullary 
network are of irregular shape and usually branched. 
These cells conbiin some peculiar subsbince, of which but 
little is known beyond the fact that it giv^es a dark blue or 
green colour with ferric chloride, and a bright red colour 
})y treatment with oxitlising agents. • 

The functions of the suprarenal bodies ^re im}>ortant, 
although, as yet, Imt little understood. WheHTthey are 
both removed from an animal, death speedily ensues, ac- 
c(»m])anied chiefly by a nutritional upset of the skeletal 
muscles. When diseased in man, a similar defect is 
observed in the muscles, together with nervous weakness 
and a. characteristic “bronzing” or colouration of the 
skin. Probably, as in the case (»f the thyroid gland, in- 
jection of extracts of the su])rarenHls may be found to 
mitigate the sympbjms which result from their l)eing 
diseased. 



LESSON VI 

THE FUNCTION OF ALIMENTATION 

Part I.-— Digestion and Absorition 

1. Waste made good by Food. —Wo explained in the 
first Lesson that a living active man is always exj)en(ling 
energy in the form of the mechanical (muscular) W(uk he 
performs and of the heat he gives oti‘ by his skin and 
lungs. Further, we pointed out that the source from 
which the energy is derived lies in that conshint oxida- 
tional breaking down of the tissues which results from 
their being supplied with oxygen, introduced int<» the 
})ody by the lungs. And further, it w.as shown that the 
above processes result in a wast|5 of substaft??"* corre- 
sponding exactly to the amount of energy expended. If 
the man’s activity is to continue from day to day, this 
continual waste of substance must be made good. Now 
the only channel, except the lungs, by which altogether 
new material is introduced into the body, is the alimen- 
tary canal, and we may use the word alimentation to 
denote the sum total of its operations in this connection. 
These fall naturally under three heads, viz. the introduc- 
tion of food as new material ; the reductiem of this fcKx! 
by digestion to a condition such that it can j)ass through 
the delicate structureVwhich form the walls of the vessels 
of the alimentary canal ; and absorption^ or the processes 
by which the digested material is passed from the cavity 
of the canal into the blood-vessels and lymphatics by 
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which it is then distributed over the body. We may 
therefore most suitably begin by learning something of 
Ibe nature and composition of that new material ” which 
we introduce into the body as food. 

2. Food and Food-stuffs. Flvery one is familiar witli 
^he meaning of tlie term food, as exemplified by bread, 
meat, potatoes, milk, etc. None r>f tlicse substances, 
however, is made of one kind of material ; f)iit wdien 
analysed it is found that they -all consist df varying 
amounts of a few su]>stances, and to these the name of 
food-stuffs is given. 

Food-st, lilts are classified under four heads, (1) Pro- 

teids, (2) Fats, (d) Carbohydrates, (4) Salts 

(mineral matter) and Water. They may further be 
divided into two distinct grou]>s .'—-tlie nitrogenous and 
tlip non-nitrogenous. The proteids alone contain 
nitrogen and thus form one group by themselves ; the 
other food-stuffs are all non-nitrogenous. Further, the 
lii’st three classes, as being compi>unds of carbon, are 
known as organic coiiqxmnds, while the salts and water 
are inorganic. They may therefoie be tabulated as 
follows : 

(IrO ANIO Ln organic 

(Nitrogenous) f Non-nitrogenous) 

I . I 

I*roteuh F((ts 

< hirhohydndes 

A. Nitiiogenous Food-Stuffs. 

Proteids. These are composed of the four elements 
caibon, oxygen, hydrogen and nitrogen united with 
small amounts of sulphur (see p. 108). Under tliis 
jhead come the albumin of the white of egg, and 
t)lood-serum ; the casein of milk and cheese ; the 


(Non-nitrogenous) 

Sails 

j 

IVat^r 
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gluten of flour and other cereals ; * the myosin of lean 
meat (muscle) ; the globulins of blood and of the yoW< 
of an egg and the fibrin of blood. 

Gelatin, the basis of connective tissue fibres, is com- 
posed of the same elements as a proteid and in somewhat 
similar proportions, and may be regarded as an outlying 
member ef this group. But gelatin is not a true proteid 
and cannot entirely replace it in food. 

B , Non-nitrogenous Food-Stuffs. 

(i) Fats. — These ar43 com])<»sed of carbon, oxygen, and 
hydrogen only, and contain less oxygen than would form 
water if united to the hydrogen they contjiin. Butter 
and all animal and vegetable oils come under this head. 

(ii) Carbohydrates. — These are subsbvnces which also 
consist of carbon, oxygen, and hydrogen only, but in 
them the oxygen is present in an amoinit which would 
just suflice to form water if it were united to their hydro- 
gen. This gi’oup includes starch, as in flour (tr potatoes ; 
ordinary cane-sugar or beet-sugar, and other sugars 
such as dextrose and milk-sugar; also cellulose 
from all vegetable tissues. 

(iii) Salts and Water. — Water is present ki all foods, 
and salts in most of them such as meat, eggs, milk, and 
cheese. The sidts are- chiefly the phosphates, chh a ides, and 
carbonates of sodium, potassium and calcium, and some 
salts of iron. 

All food is made up of these food-stuff’s, but the amount 
of each present in different foods varies greatly. Thus 
lean meat is chiefly proteid, but (ordinarily conteins a 
good deal of fat ; bread contains a gi'eat deal of carbo- 
hydrates, but also some proteid and a little fat. Only the 
fats and oils may be regarded as composed of nearly joure 
material. The composition of the chief foods is important 
and has been carefully determined ; but to this we shall 
return when we come to study thoir respective influence on 
the body as a whole. 
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3. The purpose *and means of Digestion. -All food- 
sfcufis being thus proteids, fats, carbohydrates or mineral 
matters, ])ure or mixed up with other substances, the 
whole purpose of the alimentary a2)paratus is in the first 
place to sejiarate these proteids, Ac., fj'om the in- 
nutritions residue, if there be .any, and to reduce them 
into a condition either of solution or of exce#sively fine 
subdivision, in order that they may make their way 
through the delicate structures which form the walls of 
the vessels of the alimentiivy canal. In the next place 
this mechanical and physical change must be aceom})anied 
by chemical changes whereby the ff>o(.l-stufls are Iwought 
into such a condition that when they reach the tissues 
the latter can take them up or asi^im llate them. 

To these ends food is taken into the mouth and 
•masticated, is mixed with saliva, is swallowed, undergoes 
gastric digestion, passes into the intestine, and is sub- 
jected to the action of the secretions of the liver and 
pancreas with which it there becomes mixed ; and, finally, 
after the more or less complete extraction of the nutritive 
constituents, the residue, mixed up w ith certain secretions 
of the intestines, leaves the body as the faeces. 

The actual digestive changes of food are brought about 
chiefly by the action of fluids secreted by glands whose 
ducts pour their secretions into the cavity of the ali- 
mentary canal. These glands are essentially groups of 
cells supplied with nerves and blood-vessels ; but the 
arrangement of these cells may be simple or complicated, 
as in the types shown in Fig. 68. 

Thus the glands of the w^alls of the intestines are tubular 

(1) . Those in the walls of the stomach are also tubular 
but divided into two or more parts at their inner end 

(2) . The salivary glands and the pancreas are more com- 
plicated ; their ducts divide and subdivide into multitudes 
of smaller tubes, each of which ends in a dilatation in 
which the secreting cells lie (6). These dilatations, at- 
tached to the branched ducts, somewhat resemble a 

Q 
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.,0 68 -A Diaobam to iblustkate the Rtrootokb C,t tJLANDB. 
[ind /;’ connective tissiie corpuscles. 
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bunch of gnipes, whence glandw of this tyjie are called 
racemose. 

4. Mastication and Swallowing. — The cavity of the 
nioiith is a chamber with a fixed roof, formed by the 
hard palate (Fig. 69, /), and with a movable floor, 
con.stitutc<l b}^ tlie ipvver jaw, and the tongue (A), which 
tills up the space between the two ])ranches f>f the jaw. 
Arching inaind the margins of the upper and the lower 
jaws are the thirty-two teeth, sixteen above and sixteen 
behnv, and external to these, the closure of the cavity of 
the mouth is completed by the cheeks at the sides, and 
by the li})s in front. 

When the mouth is shut the back of tlie tongue comes 
into close contact with the palate ; and, where the hard 
])alate ends, the communication between the mouth and 
the back of the throat is still further impeded })y a sort of 
fleshy curtain -the soft palate or velum— the middle 
of which is produced into a prolongation, the uvula (/), 
while its sides, skirting the sides of the passage, or 
fauces, form double muscular pillars, which are termed 
the })illars of the favas. Between these the tonsils are 
situated, one on each side. 

The velum with its uvula comes into contact below with 
the upper part of the back of the tongue, and with a sort 
of gristly, lid-like process connected with its base, the 
epiglottis (c). 

Behind the partition thus formed lies the cavity of the 
pharynx, which may be described as a funnel-shaped 
bag with muscular walls, the upper margins of the slanting, 
wide end of which are attached to the base of the skull. 


B. The same, with 011 % one layer of colls, «, and b, the so-called basement 
membrane between the epithelium a, and dermis c. 

1 . A simple tubular gland. 

2. A tubular gland bifid at its base. In this and succeeding figures the 

blood-vessels are omitted. 

3. A simple saccular gland. 

4. A divided saccular gland, with a duct, d. 

5. A similar gland still more divided, 

(i. A racemose gland part only being drawn. 

Q 2 
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while the lateral margins are continuous with the sides, 
and the lower with the floor, of the mouth. The narrow 



Fie. 09. -A Section of the Moi:tij ani> Nose taken nerticallv, a 
IJTTLE TO THE LEIT OF THE Ml DOLE LlNE. 

c, the vertebral, colunm ; b, the fe8opbap:os or gullet ; r, the wiutl-pipc ; 
(1, the thyroid cartilage of the larynx ; r, the epiglottis ; f, the uvula ; o] 
the opening of the left Eustachian tube ; h, the opening of the left 
lachrymal duct ; i, the hyoid hone ; k, the tongue ; 1. the hard palate ; 
-tu, n, the base of the skull; o, p, q, the superior, iniddicy^and inferior 
tnrbinal bones. The letters g, f, e, are placed in the pharynx. 


end of the pharyngeal bag passes into the gullet or 
esophagus (/>), a muscular tube, which aftbrds & passage 
into the stomach, 
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There are no fewer than six distinct openings into the 
front part of the pharynx — four in jmirs, and two single 
ones in the middle line. The two pairs are, in front, the 
hinder openings of the nas/il cavities ; and at the sides, 
close to these, the apertures of tlie Eustachian tubes 
(ff). The two single n[»ertures are, the hinder opening of 
the mouth l)etween tlie soft j>alate and the epigl<fttis ; and, 
])eliind the epiglottis, the upper aperture of the respira- 
tory passage, or the glottis. 

Each of the thirty-two teeth which have been mentioned 
consists of a crown which projects above the gum, and 
of one or more fangs, which are embedded in sockets, or 
what are called alveoli, in the jaws (see Fig. H). 

The eight teeth on c»pposite sides of the same jaw are 
constructed uj)on exactly similar patterns, while the eigiit 
teeth .which are opposite to one another, and bite against 
one another above and below, thoiigh similar in kind, 
differ somewhat in the details of their patterns. 

The twt) teeth in each eight which are nearest the 
middle line in the front of the jaw, have wide but sharp 
and chisel-like edges. Hence they are called incisors, 
or cutting teeth. The tooth which comes next is a, 
tooth with a more conical and pointed crown. It answers 
to the great tearing and holding tooth of the dog, and is 
called the canine or eye-tooth. The next two teeth liave 
broader crowms, with two eus}>s, or jK)ints, on each crown, 
one on the inside and one on the outside, whence they 
are termed bicuspid teeth, and sometimes false grinders. 
All these teeth have usually one fang each, except tlie 
bicuspid, the fangs of which may he more or less com- 
pletely divided into two. Tlie remaining teeth have two 
or three fangs each, and tlieir crowns are much broader. 
As they crush and grind the mattera which pass between 
them they are called molars, or true grinders. In the 
upper jaw their crowns present four points at the four 
corners, and a diagonal ridge connecting two of them. 
In the lower jaw the complete pattern is five-pointed, 
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there being two cusps on the inner side and threii on tlie 
outer. Each tooth presents a crown, which is visible in 
the cavity of tlie mouth, wdiere it becomes worn by 
attrition with the tooth opposite to it and with the food ; 
and one or more fangs, which are buried in a socket 
furnished by the jawbone and the derma of the dense 
mucous membrane of the mouth, which constitutes the 
gum. The line of junction between the crown and the 


A B 



Fio. 70. 

A, vertical, B, horizontal .scctif>n of a tooth.— «, enamel of the crown ; 
b, pulp cavity ; r, cement of the fang.s ; (/, dentine. (Ma^-nifiod ahont 
three diameters.) 

fang is the neck of the tooth. In the interior of the 
tooth is a cavity communicating with the exterior ])y 
canals, which traverse the fangs and open at their points. 
This cavity is the pulp cavity, It is occupied and com- 
pletely filled by a highly vascular tissue richly supplied 
with nerves, the dental pulp, which is continuous 
below, through the openings of the fangs, with the 
vascuhir dermis of the gum which lies between the fangs 
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and the alveolar walls, and plays the ]vart of periosteum 
to l)otli. 

Tlio tissue which forms the cliref coiistitmmt of a tooth 
is termed dentin© (Fig. -70, A, H, d). It is a dense 
calcihed sulistanee containing less animal inal^r than 
hone, and further differing from it in possessing no 
lacimai, or proper canaliculi. Tnstcail of these*it presents 
innumerahle, minute, parallel, wavy tubules (Fig. 71, d), 
which give off lateral branches. The wider inner ends of 
these tubules may measure 4 /jl (»r 9/i (Tir^nj inch) ; they 
open into the pulp cavity, while the narrower outer 
terminations ramify at the surface of the dentine, and 
may even extend into the enamel or oement (Fig. 71). 

Tlie greater [lart of the crown and almost tlie whole of 
the fangs consist of dentine. Hut the summit of the 
(5roww is invested by a thickjayer of a much denser tissue, 
which contains only 2 jier cent, of animal matter, and is 
the liardest substance in the body ; so hard that it will 
strike fire with steel. This is cfiMed enamel (Fig. 70, 
A, B, u). It becomes thinner on the sides of the crown 
and gradually dies out on the neck. Examined micro- 
scopically, the enamel is seen t-o consist of six-sided 
})rismatic fibres (Fig. 71, A, B) set closely side }\y side, 
nearly at riglit angles to the surface of the dentine. 
Tliese fibres measure not more than to 5/x (s(m,o hi 
r.oVo Oicli) in transverse diameter and present transverse 
striations. 

The third tissue found in teeth is a thin layer of true 
bone, generally devoid i>f Haversian canals, which invests 
the outer surface of the fangs and thins out on the neclc. 
This is termed cement (Fig. 70, A, e ; and Fig. 71, (’). 

The dental jmlp is chiefly composed of delicate con- 
nective tissue. It is abundantly supplied with vessels and 
nerves, which enter it through the small opening at the 
extremity of the fang. The nerves are mainly sensory 
branches derived from the fifth jiair of cranial nerves. 

The superficial part of the juilp, which is everywhere in 
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Fig. 71. 

A . Enamel fibres viewed in transverse section. 

B. Enamel fibres sepai*ated and viewed laterally. 

C. A section of a tooth at the junction of the dentine (a) with the 
cement (e) ; b, c, irregular cavities in which the tubules of the dentine 
end ; d, fine tubules continued from them ; /, lacunae and caiialiculi of 
the cement. (Magnified about 400 diameters.) 


immediate contact with the inner surface of the dentine, 
consists of a layer of nucleated cells so close set that they 
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jiliuosfc reseinl)le an epibheliuni. They are, however, in 
reality connective-tissue cells, and the layer is merely a 
slightly modified condition of the stratum of undifferen- 
tiated connective tissue, which lies at the surface of 
every dermic structure, and from them long filamentous 
processes can be traced into the dentinal tubules A 

The muscles of the part! which have beeip described 
have such a disposition that the lower jaw can be de- 
pressed, so as to open the mouth and separate the teeth ; 
oT raised, in such a manner as to bring the teeth together ; 
or more obliquely fi'om side to side, so as to cause the 
face of the grinding teeth and the edges of the cutting 
teeth to slide over one another. And the muscles which 
perform the elevating and sliding movements are of great 
strength, and confer a cori‘esponding force upon the 
gVinding and cutting actiona-^f the teeth. 

When solid food is taken into the mouth, it is cut and 
ground by the teeth, the fragments which ooze out upon 
the outer side of their crowns ])eing pushed beneath them 
again by the muscular contractions of the clieeks and 
lips ; while those which escape on the inner side are 
thrust back by the tongue, until the whole is thoroughly 

F 'libbed down. 

While mastication is proceeding, the salivary glands 
])our out their secretion in great abundance, and the 
saliva mixed with the food, which thus becomes inter- 
penetrated not only with the salivary fluid, but with the 
air which is entangled in the bubbles of the saliva. 

When the food is sutficiently ground it is collected, 
enveloped in saliva, into a mass or bolus, which rests 
upon the back of the tongue, and is carried backwards to 
the aperture which leads into the pharynx. Through this 
it is thrust, the soft palate being lifted and its pillars being 
brought together, while the backward movement of the 
tongue at once propels the mass and causes the epiglottis 
to incline backwards and downwards over the glottis, 

1 The development of teeth is described in Lesson XIl. 
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and so to form a Imidgt^ by which tJie bolus can travel 
over the opening of the air-pass^lge without any risk of 
tumbling into it. While the ejnglottis directs the course 
of the mass of food below, and jwevents it from passing 
into thet^rachea, the soft palate guides it above, keeps it 
out of the nasiil chamber, and directs it downwards and 
backwards*towards the lower^part of the muscadar ]>ha- 
ryngeal funnel. By this the bolus is immediately seized 
and tightly held, and the muscular fibres contracting 
above it, while they are comparatively lax below, it is 
rapidly thrust int(» the fesophagus. 

The oesophagus is lined with mucous membrane. This 
rests on some fibrous tissue, outside of which is a thick 
coat of muscular tissue, striated in the upper third of the 
tube, unstriated lower down next to the stomach. This 
is arranged in two layers, outer layer in which the 
fibres run parallel U) the long axis of the tube ; an inner 
layer in which the fibres are wrapped round the tube. 

When food lias been thrust into the (esoj>hagns by the 
action of the pharynx, the muscular widl of the (eso- 
phagus just above the bolus contracts and pushes it 
down into the next lower part. Then the wall of this 
jjart contracts and [)ushes the mass a little fui-ther down 
and so on. In this way the food is finally thrust into the 
stomach by a series of contractions of each part of the 
(esophagus in succession : this is spoken of as peristaltic 
action. 

Drink is taken in exactly the sftme way as food. It does 
not fall down the pharynx and gullet, but each gulp is 
grasped and passed down. Tlence it is that jugglers are 
able to drink Btaiiding ujxm their heads, and that a horse, 
or ox, drinks with its throat lower than its stomach, feats 
which would be imi>ossible if fluid simply fell down the 
gulhit into the gastric cavity. 

During these processes of ma-stication, insalivation, and 
deglutition, what happens to the food is, first, that it is 
reduced to a coarser or finer ]>ulp : sec(mdly, that any 
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matters it carries in solution are still more diluted by 
the water of the saliva ; thirdly, that any starch it may 
contain begins to be changed into sugar by tlie saliva, 
whose formation and action we must next consider. 

5. The Salivary Glands.— Tlie mucous membrane 
which lines the mouth and the pharynx is beset with 
minute glands, the hvccal glands ; l>ut the gwgat glands 
from which the cavity of the mouth receives its chief 



I’m. 72. 

A ilisscction of tlic riglit side of the face, showinf^, a, the fsiiblhigual, 
b, tlie siihinaxillary glands, with tlioir duct. s npeuing beside the tongtie 
ill the floor of the mouth at d ; r, the parotid gland and its duct, which 
opens on the side of the cheek at c. 


secretion are the three pairs which, as has ])eon already 
mentioned, are called parotid, submaxillaxy, sub- 
lingual, and which secrete the principal ])art of the 
saliva (Fig. 72 ). 

Each parotid gland is pjaced just in front of the ear, 
and its duct passes forwards along the cheek, until it 
opens in the interior of the mouth, opjiosito the second 
upper grinding tooth. 
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The subinaxillary.and sublingual glands lie between the 
lower jaw and the floor of the mouth, the subniaxillary 
being situated further back than the sublingual. Their 
ducts open in the floor of the mouth behnv the tip of the 
tongue. Tlie secretion of these salivary glands, mixed 
with that of the small glands of the mouth, constitutes 
the saliva* 

The salivaiy glands are built up on the type shown in 
Fig. 68, 6. The essential part of the structure lies in the 



(L 


A. JB. 

Fig. 73 .-— Skotiovs or the SrBMAXn.T.ARV rJi.A>ri>. 

A, at rest ; B, after .‘decretory activity. 
a, (t, (Icuiilune cells. 


cells which line the dilated ends, or alveoli, of the finest 
branches of their ducts. In a section of a submaxillary 
gland which is resting^ that is, Jmfi not been secreting for 
some time^ the cells are large and nearly fill the alveoli. 
Each cell has a nucleus jdaced near its outer end and 
surrounded by a small amount of protoplasm which is 
granular and stains readily. Tlie (larger) rest of the cell 
is quite clear and transj)arent and shvins with great diffi- 
culty if at all (Fig. 73, A). Since the material compos- 
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iiig this clear part of the cell is of the nature of niuciii, 
the subiuaxillary gland is spoken of as a mucous gland. 

In some of the alveoli a second kind of cell may be 
seen (Fig. 73, A and B, a) ; these lie close against the 
outer wall of the alveolus, and from their shape are often 
called demilune cells. They are granular and stain 
deeply. • 

Tn similnr sections of the parotid gland, also i)h the 
rest(}(ff the cells are smaller than in the alveoli 

of the submaxillary gland. Further, tlie nucleus lies near 



A B 


F](;. 74.— Sections of the Pauotid Gland. 

A, at rest ; B, ufter .secretory activity. 

the middle of each cell, and the whole cell is extremely 
granular and stains fairly easily (Fig. 74, A). The body 
of each cell is composed of albumin and is free from any 
trace of anything like mucin ; hence the paix)tid is known 
as an albuminous gland. 

After these glands have been secreting for some time, 
as the result either of taking food or of stimulating the 
nerves supplied to them, the appearance of their cells is 
greatly changed. The cells of the submaxillary gland are 
now smaller ; the nucleus is nearer the centre of each cell 
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and the whole cell sLiins readily (Fig. 73, B). In the [>aro- 
tid gland the cells are mnilaH\i smdler^ the nucleus iiau'e 
distinct, and the cell-substiince stains more readily than in 
the condition of rest (Fig. 74, B). 

If instead of taking sections of the liardened gland a 
piece of the fresl^ parotid be examined in the two states of 
rest and activity the differences shown in Fig. 75 may be 
seen. ' 

At rest the cells are fnll ttf (iruntiles throughout, as in 
Fig. 7o, A. After activity the granules are frirer and 
now lie near the innt*r end of the cells as in C. Between 



Fig. 75.— -Cfianges in the Parotu) (oond la inNo SEcrnniNc 
Activity. (Hughti.y pi vf.uAMMATic.) 


these two extremes there is an intermediate stage shown 
in II 

6. The Nervous Control and Nature of Salivary 
Secretion. — ^^e have described in the preceding section 
the differences which may be observed between the cells 
of a resting gland find of the Sime gland after it has been 
secreting. liet us now sec wdiat may be learnt from a 
study of these differences and of the way in which they 
may l)e brought about. 

lit the first phice the differences in the size and appefirance 
of the cells in the two conditions seem to sIkw quite 
clearly that while at rest they Imild up material which is 
stored in their substance and hence the cells are large. 
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In the su))maxilLu‘y gJjind tliis subsLiiicc is chiefly 
mucinous, in the parotid albuminous, and some of it is 
dc])ositod as separate distinct granules in the body of the 
ceil (Fig. 75, A). Further it appears that during their 
‘ activity both glands discharge their store of material into 
the duet leading from them and hence befx)me smaller. 

But further, the submaxillary gland is supf>lied by a 
nerve which is a branch of the VlTtli cranial nerve (see 
Lesson XI.) and which, since it crosses the tvmpanic 
cavity or drum of the ear (see Lesson VIII.) is called the 
chorda tympani nerve. When this nerve is stimulated 
thi’ee things ha})])en ; the arteries which supply the gland 
with blood dilate and there is a very largely increased flow 
of ])lo()d througii the gland : the ghind begins to pour out 
its secretion ; and the cells of the gland slowly change their 
size and appearance as already descrilied. These changes 
show that ji good deal of tln^. material with wdiich they 
were loaded during rest has been dischargeil. But at the 
same time the cells have discliaiged a large (juantity of 
water, for saliva, like all other secretions, except the 
secretion of the sebaceous glands (p. 197), is largely com- 
posed of water, and this water can only have come from 
the blood. We are thus at once face to face witli the 
(juestion ;-~has the increased supply of hlocwi simifly led 
to an increased flow of water through the cells which has 
carried away with it the accumulated materials of the cell- 
substance, the whole process being largely filtrational, or 
has the stimulation of the ne/rve made the eells not only dis- 
eharye sofne of their substance, hid also made them take ujt 
wider from the blood and this as ivell throuejh them- 
selves ? The a^Fiswer to this (piestion is simple and the 
evidence in its supjKjrt is conclusive. 

An increased temporary secretion may be observed on 
stimulating the nerve even after the blood-supply to the 
gland has been cut oflf, and if some drug, such as atropine, 
be injected into the animal, then although the arteries 
dilate to the full extent when the nerve is stimulated, no 
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increased secretion takes place. No clearer proof could 
be desired to show that when the gland secretes it is 
because the iinjy^dseti tvhich resell it alotuf the nerve exert a 
direct influence on its cells. These iiujmlses make the 
cells take up \vater and discharge it, together with some 
of their stored up cell-substance, as s*‘iliva wdiich passes 
as the se^.retion of the gland into the ducts. It is thus 
not the increfised blood-supply which causes the secretion, 
although of course it is necessary if the cells are to con- 
tinue to secrete, for it is from tJie blood alone that they 
can obtain all that they re(piirc for the manufacture of 
their secretion. 

Saliva is ordinarily secreted in increased quantity as 
soon as food is introduced into the mouth. This result is 
brought about reflexiy. The food stimulates the ends of 
certain nerves (Vtji and IXth cranial, see Lesson XL), 
which supply the w^ills of the inside of the mouth. Im- 
pulses pass up these nerves to the brain, and from this 
other impulses pass out do'vvn to the subniaxillary gland 
and make its cells secrete. 

7. The Composition and Action of Saliva. ~Tlie 
mixed saliva from the several glands consists chiefly of 
water, holding in solution a small amount of proteid 
matter, some inorganic salts to which its faintly alkaline 
reaction is due, a small amount of mucin, which gives to 
saliva its well-known sliminess, and a small quantity of a 
peculiar substance called ptyalin, which has certain very 
remarkable properties. It does not act on proteids or 
fats, but if a little saliva, i.e. ptyalin, be mixed with 
ordinary starch-paste and warmed to the temperature of 
the body, it turns that starcH into a sugar, identical with 
that obtained from malt in brewing and lienee knowm as 
maltose. 

But although this chemical cliange is without doubt of 
some use to the body, its importance must not be over- 
estimated. For in many animals the action of their saliva 
on starch is very slight, and moreover (see p. 262 ) the larger 
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part of the starch Ve eat is digested, that is changed 
into a sugar, while the food is in the intestine and 
under the action of the pancreatic juice. The chief use 
of the stdiva is mechanical rather than chemical, inasmuch 
as it moistens the food and thereby assists mastication 
and makes deglutition, or the swallowing of food, easy. 

8. Soluble Ferments or Enzymes. ~Tl 4 e peculiar 
substance, ptyaliii, to which the chemical action of saliva 
on starch is due, belongs to a class Of substances known 
as soluble ferments or enzymes. The wor<t ferment was 
originally applied to a living organism such as yeast which, 
as in the case of brewing, while converting the sugar in 
the wort into alcohol causes at the same time, on account 
of the simultaneous production of carbonic acid gas, a 
boiling up or frothing of the licpior ; hence the name 
ferment (/errcoe = to boil up). 

But it is known now that such organised ferments can 
be made to yield extracts wliich may be filtered so as to 
be (juite free from <irganisms and still be able to produce 
the sfime changes as did the cells fi’om which they are 
prepared. Hence the name of soluble ferment or enzyme 
= yeast) was given to the substimce in solution which 
can bring about the same changes an the parent cell. 

Very little is known of the chemical nature of enzymes, 
but they are strongly chai'acterised l>y certain facts as to 
the conditions under which their action takes place. 
Thus : (i) Very minute quantities will effect a change in 
a mass of the substance on which they are w^orking which 
is enormously large compared wdth the minute mass of 
the enzyme, (ii) Their action depends closely on tempera- 
ture. At 0^ C. (32"^ F.)they cease to act ; as the tempera- 
ture rises they become increasingly active, and are most 
active at about 40^ C. (104" F.). At higher temperatures 
they become less active and lose their powers permanently 
if once heated to 100^ C. (212"’ F.) as by boiling : they are 
then said to be “killed.” (iii) Their action in many cases 
depends on the reaction, whether acid or alkaline or 

R 
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neutral, of the solution in which they are at work,^ (iv) 
Their action stops in presence of an excess of the special 
products of their activity, and (v) It has not so far been 
conclusively proved that the enzjunes are themselves used 
up during the clianges which they produce on other 
subsLinces. 

Nearly all the chemical changes which the food under- 
goes in the alimenfeai’y canal are brouglit about })y the 
action of these soluble ferments or enzymes. 

9. The Structure of the Stomach. -The stomach, 
like the gullet, consists of a tube with muscular walls 
composed of smooth muscular fibres, and lined by mucous 
membrane ; but it difiers from the gullet in several cir- 
cumstances. In the first place, its cavity is greatly larger, 
and its left end is produced into an enlargement which, 
because it is on the heart side of the body, is called the 
cardiac dilatation (Fig. 76, h). The opening of the 
gullet into the stcmiach, termed the cardiac aperture, 
is consequently nearly in the middle df the whole length 
of the oigan, which j>resents a long, convex, greater 
curvature, along its front or under edge, and a short, 
concave, lesser curvature, on its back or upper con- 
tour. Towards its right extremity the stomach naiTows, 
and, where it passes into the intestine, the muscular 
fibres are so disposed <%stoform a sort of s[)hincter around 
the aperture of communication. This is called the 

pylorus (Fig. 76, d). 

The muscular coat of the stomach, consisting of uu- 
striated muscular tissue, is made up of two layers, an 
outer longitudinal and an inner circular, together with 
a certain amount of muscle fibres which are continuous 
with the circular fibres of the cesophagtis and which, 
running obliquely, merge into the internal circular 
layer of the stomach. The mucous membrane which 

1 Tlius the pci>sin of gastric juice acts iKist iu presence of hydro- 
chloric acid and the trypsin of i>ancrcatic juice in presence of sodium 
carbonate. 
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linos the stomach i» loosely attached to the muscular coat 
by a layer of fibro^ comiective tissue. This is called the 
submucous coat^l.nd it is in this layer that the nerves, 
blood-vessels and lymphatics run for the supply of the 
mucous membrane. 

The mucous membrane lining the wall of the stomach 
contains, or rather is made up of, a multiUVie of small 



Fkj. 7(>.-TiiE Stomach Lao* Opkv. 

a, the fe«oi>liag:iia ; Uu; cardiac dilatation ; r, the lesser cnrvatnve ; 
the jiyhirviB ; the biliary duct : /, the gjtll-bla(ldcv ; fr, the pancreatic 
duet, openitig in cominoiTwith the cystic duct opposite /< ; /<, /, tlie 
diiodcuum. 


glands, packed closely side by side, which open upon its 
surface. These are on the whole simple in nature, being 
long tubular glands, but they vary in character, their 
blind ends being more divided and twisted at one part 
of the stomach than another. 

Each gland is li|ied by cells which at the mouth of the 
gland are columnar and secrete mucin ; but deeper down in 

R 2 
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the tubes they are cubical and slightly granular. These are 
the central cells (Fig. 77, c). A second kind of cell may alsf) 
be seen lying irregularly scattered betwifeii the outer wail 
of the gland and its central cells : these are the parietal 
or ovoid cells (Fig. 77, ;>). 



Oval in sha}>e, they have a well- 
defined outline and their cell- 
substance is usually very distinctly 
granular. The glands near tho 
I)yloric end of the stomach differ 
from those of the rest of the mucous 
membrane, chiefly and essentially 
by not containing any of those 
ovoid cells. 

When the stomach is empty, its 
mucous membrane is })ale and 
hardly more than moist. Its small 
arteries are then in a state of con- 
striction, and coinparatiyely little 
blood is sent through it. On the 
entrance of f<Kxl a vaso-motor action 
is sot up, which causes these small 
arteries to dilate ; the mucous mem- 
brane conse<piently receives a much 


Fio. 77.— One of the 
Glands whk’H Se- 
cretes Gastrk; Juice, 
I), the duct or month 
of the gland ; 7a, mucous 
cells lining the mouth of 
the gland and covering 
the inner surface of the 
mucous membrane ; c, 
central colls ; ^7, parietal 
or ovoid cells. 


larger quantity of blood, and it 
becomes very red. At the siime 
time the cells of the gland begin 
to form their secretion, taking the 
material they require for this pur- 
pose out of the extra sujiply of 
blood now coming to them. The 
whole process is exaefhj similar in 
pi'inciple to that already described 


in the case of the secretory activity of the submaxillary 


gland (p. 240). 


The secretion thus formed is the gastric juice. 

10. The Nature aud Action of Gastric Juice. —Pure 
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gastric juice is a clear, acid fluid and consists of little 
more than water, containing a few saline matters in solu- 
tion, and its acidity is due to the presence of free 
hydrochloric acid to the extent of *2 per cent. It 
possesses, however, in addition a small quantity of a 
peculiar substance called pepsin, a soluble ferment 
or enzyme in many respects similar to, though very 
different in its effects from ptyalin, and also a similar 
ferment called rennin. 

It is easy to ascerbiin the juoperties of gastric juice 
experimentally, by ]>utting a small portion of the mucous 
membrane of a stomach into water made acid by the 
addition of *2 — *5 ])er cent, of hydrochloric acid and con- 
taining small pieces of meat, hard-boiled egg, or other 
proteids, and keeping the mixture at a temperature of 
about 40’ C. (104^ F.). After a few hours it will be 
found that the white of egg, if not in too great quantity, 
has become dissolved : while all that remains of the meat 
is a pulp, consisting chiefly of the connective tissue and 
fatty matters which it contained. This is artificial diijes^ 
lion, and it has been proved by experiment that precisely 
the same operation takes place wdien food undergoes 
natural digestion wdthin the stomach of a living animal. 

It bikes a very long time (some days) for the dilute acid 
alone to dissolve proteid matters, and hence the solvent 
pow cr of gastric juice must be chieHy attributed to the 
pepsin ; moreover gastric juice w'hich has been boiled, in 
which case all the ferment it contains is “killed” (see 
p. 241), is quite inactive although it contains the usual 
amount of acid. 

Thus gastric juice dissolves proteids, and the character- 
istic proteid which is formed during the solvent action of 
the juice is called peptone, and has pretty much the 
same characters whatever the nature i>f the proteid which 
has been digested. 

The rennin of gastric juice is a ferment which causes 
the casein in milk to clot in a way very similar to that in 
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which fibriii-ferinciit gives rise to a clot, of fibrin by its 
notion on Ahr'mogen (p. 115), 'Phis is Gie basis of cheese- 
making, and the '‘rennet ' used for olttniiiuig the curd 
in this process is really an extract of tlte mucous luem- 
hnine of the stoiiiacli of a calf, in wliich the feriueiit is 
peculiarly plentiful. 

Peptone differs from all other proteids in its extreme 
solubility, and characteristically in the fact that it is 
hi^/hhj diffusible^ and hence in the readiness with which it 
passes through animal membranes. Many proteids, as 
fibrin, are naturally insoluble in water, and others, such 
as white of egg, though apparently soluble, are not com- 
pletely so, and can ]>e rendered (piite solid or coagulated 
by being sim})ly heated, as when an egg is boiled. A 
solution of peptone however is perfectly fluid, does not 
become solid, and is not at all coagulated by boiling. 
Again, if a quantity of albumin, such as white of egg or 
serum of blood, be tied up in a bladder, and the bladder 
immersed in water, very little if any of the proteid will 
])ass through the bladder into the water, ])rovided that, 
there are no holes. ^ If, however, j)eptone be used 
instead of albumin, a very large (piantity will speedily 
j)ass through into the water, and a (juantity of water will 
pass frcun the outside into the Idadder, causing it to swell 
up. This difiusive passage of a substance through a immi- 
brane is called osmosis, and is evidently of great im- 
portance in the economy ; and the purpose of the con- 
version of the vai’ious proteids by digestion into pej)tone 
seems to be, in part at least, to eitable this class of food- 
stuff to pass readily into the blood through the thin 
partition formed by the walls of the mucous membrane of 
the intestine and the coats of the capillaries. Similarly, 
starch, even when boiled, and so partially dissolved, is 
not diffusible and will not pass through membranes, 
whereas sugar does so with the greatest ease. Hence 

1 This exiKjriment may be readily made with the apparatus shewn in 
Fig. 3t>, p. 121. 
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the reason of the conversion of starch, ])y rtigcsiion, into 
sugar. 

As far as ive know gastric juice hm no direct action on 
fats ; hy breaking up, however, the jiroteid framework in 
wJiich ajiimal and vegetable fats are imbedded, it sets 
these free, and so helps their digestion ]>y exj^osing them 
to the action of other agents. It appears too, that gastric 
juice has no direct action on carbohydrates ; on the 
contrary, the conversion of the starch int<) sugar begun in 
the mouth ap 2 )ears to be wholly or partially arrested by 
the acidity of the contents of the stomach, ptyaliu being 
active only in an alkaline or neutral mixture. 

By continual rolling about, with constant additions of 
gastric juice, the food becomes reduced to the consistence 
of pea-soup, and is called chyme. In this state, the 
larger part is allowed to escape through the pylorus and to 
enter the duodenum ; but a portion of the fluid (consist ing 
of peptone together with any sugar resulting from the 
partial conversion of starch, or otherwise) may be at once 
absorbed, making its way, by imbibition, through the 
walls of the delicate and numerous vessels of the stomach 
into the current of the blood, which is rushing through 
the gastric veins to the portal vein. 

11. The General Arrangement and Structure of the 
Intestines. — The intestines form one long tube, A\ith 
mucous and muscular coats, like the stomach ; and, like 
it, they are enveloped in peritmeum. They are divided 
into two portions— the small intestines and the large 
intestines ; the latter, though shorter, having a much 
greater diameter than the former. The name of duo- 
denimi is given to that part of the small intestine, 
about ten inches in length, which immediately succeeds 
the stomach, and is bent upon itself and fastened by 
the peritoneum against the back wall of the abdomen, in 
the loop shown in Fig. h, i. It is in this loop that 
the head of the pancreas lies (Fig. 07). 

The rest of the small intestines, of which the part next 
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Fig. 78.— Tuk ViJicEitA of a Rabbit ab seen upon simply openino the 
Cavities of the Thorax and Abdomen without any further 
Dissection. 

A, cavity of the thorax, pleural cavity on either side ; B, diaphragm ; 
C\ ventricles of the heart ; i?, auricles ; E, pulmonary artery ; F aorta ; 
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to the duodenum iw called the jejunum and the rest the 
ileum, is no wider than the duodenum, so that the tran- 
sition from the small intestine to the large (Fig. 70, u) is 
quite sudden. The opening of the small intestine into 
the large is provided with prominent lips which project 
into the cavity of the latter, and oppose the passage f)f 
matters from it into the small intestine, while tWey readily 
allow of a passage the other way. This is the ileo-caecal 
valve (Fig. 70, d). 

The large intestine forms a blind dilatation beyond the 



a 


Fig. 79. 

The teiTniiiation of the ileum, a, in the caecum, and the continuation 
of tlic latter into the colon, c ; if, the ileo-caecal valve ; (, the aperture of 
the vermiform appendix (6) into the csecum. 

ileo-c 0 ecal valve, which is called the caecum ; and from 
this an elongated, blind process is given off, which, from 


a, lungs collapsed, and occupying only back part of cliest ; If, lateral 
portions of ideural membranes; /, cartilage at the end of sternum 
(ensiforrn cartilage) ; K, portion of the wall of Ijody left between thorax 
and aMomon : a, cut ends of the ribs ; £, the liver, in this case lying 
naore to the left than the right of the body ; M, the stomach, a largo part 
Of the greater curvature being shown ; N, duodenum ; 0, small intestine ; 
P, the caecum, so largely developed in this and other herbivorous 
animals ; Q, the large intestine. 



250 


ELEMENTARY PHYgiOLOOY 


LESS. 


its shape, is called the vermiform appendix ef the 
caecum (Fig. 70, h). 

The ca3cuin lies in the lower part of the right side of the 



Fig. 80. — ^Thk Alimentary Canal in the Abdomen. 

R, right ; L, left ; a, oesophagiis ; iit. Btoinach ; py. pylorus ; <Juo. 
duodenum ; Jej. jejunum ; 11. ileum ; ctuc. cjer.um ; A.cot. tiscciiding 
colon ; T.col. transverse colon ; D.mh descending colon ; i?, rectum ; 
verm, vermiform appendix, 

abdominal cavity. The colon, or first part of the large 
intestine, passes upwards from it as the ascending 
colon ; then making a sudden turn at a right angle, it 
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passes across to tlie left side of the body, being called the 
transverse colon in this part c>f its course ; and next 
suddenly ])ending backAvards along the left side of the 
abdomen, it becomes the descending colon. This 
reaches the middle line and becomes the rectum, Avhich 
is that part ()f the large intestine Avhich opens externally. 



lOu. SI,— OlAdRAM 'll* SHOW HOW THE WaLL OF THE AbDOMEN IS MADE Ut', 
AND HOW THE MeSEN'/KRY SUITORTS THE INTESTINE. 

The body is supposed to he cut across, and the intestine is represented 
as the section of a straifj^ht tulie. In reality the space botwocn the 
intestine and the body wall is filled by the coils of the intestine and by 
other organs. 

P"rt. vertebra; d.vi, muscles of back; sL skin ; wl, the three 

rauHcle layers; pt’r<7. peritoneum ; mcs. mesentery ; intestine; kr, 

blood-vessels. 


The intestines are slung from the middle line, along 
the vertebral column, of the abdominal cavity by a thin 
membrane known as the mesentery. This consists 
really of two layers between which the nerves, blood- 
vessels and lymphatics lie which supply the intestines. 
These layers are continued outwjirds on each side from 
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the middle line as a lining, the peritoneum, for the 
whole cavity of the abdomen, and also pass over and round 
the intestines. The latter thus lie in a fold of the peri- 
toneum, somewhat as a man lies when slung in a hammock 
(Fig. 81). 

Other folds of the peritoneum similarly support the 
other org^s in the abdomen. The peritoneum is thus a 
double bag whose relation to the wall of the abdomen and 
to the organs in it is similar to that of the pleurje to the 
walls of the thorax and the lungs. 

The intestines receive their blood almost directly 
from the aorta. Their veins carry the blood which 
has traversed the intestinal capillaries to the portal 
vein. 

The intestines are made up of four coats : an external 
thin serous covering of connective tissue, beneath 
which is a muscular coat connected by a submucous layer 
with the inner or mucous coat. 

The muscular coat of the small intestines is made up of 
two layers ; an outer longitudinal, an inner circular. The 
circular fibres of any part are able to contract, successively, 
ill such a manner that the upper fibres, or those nearer 
the stomach, contract before the lower ones, or those 
nearer the large intestine. It follows from this so-called 
'peristaltic contraction^ that the contents of the intestines 
are constantly being propelled, by successive and pro- 
gressive narrowing of their calibre, from their upper 
towards their lower parts. And the same peristaltic 
movement goes on in the large intestine from the ileo- 
cfecal valve to the anus. 

The submucous layer is composed of loose (areolar) 
connective tissue, and carries the blood-vessels, nerves, 
and lymphatics. 

The tube of mucous membrane which forms the inner 
coat of the small intestines is larger than the muscular tube 
which surrounds it ; hence to get this greater length of 
the former stowed away into the shorter length of 
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muscular tubing the Raucous membrane is thrown into 
folds which must evidently lie at right angles to its long 
axis. These folds serv^e to increase the surface of the 
mucous mem})rane and are called valvulse conni- 
ventes. 

The large intestine presents noteworthy peculiarities 
in the arrangement of the longitudinal musculi^l fi]>res of 
the colon into three bands, which are shorter than the 
walls of the intestine itself, so that the latter is thrown 
into puckers and pouches (Fig. 78, Q) ; these are known 
as the sacculi, and serve for the same purpose as the 
mlvulce conniventes of the small intestine. Moreover, the 
muscular fibres around the termination of the rectum are 
arranged so as to form a ring-like sphincter muscle, wdiich 
keeps the aperture firmly closed, except when defjeca- 
ti<hn t-i^kes place. 

The mucous membrane of both small and large intestine 
consists mainly of a number of simple tubular glands 
packed side by side ; they are known as the glands of 
Lieberkxihn (Fig. 82, G.L). In the small intestine 
the tissue between the mouths of the neighbouring 
glands is at fre(iuent intervals thrown out into the 
cavity of the intestine as clul)-shaped processes or 
projections, the villi, which are thus set side by 
side over the surface of the mucous membrane like the 
pile on velvet. These villi are absent in the large intes- 
tine. The glands of Lieberkuhn are separated fi’om each 
other by tissue which is practically tlie same as that 
already described as lymphoid or adenoid tissue (p. 90) ; 
it is therefore a network of connective tissue fibres. 
Wherever a villus occurs this adenoid tissue is prolonged 
up into and forms the body of the villus, and in it run the 
finer branches of the blood-vessels and lymphatics supplied 
to each villus. Each gland of Lieberkiihn is lined by a 
layer of cubical cells, among which occur a certein number 
of mucous cells, and this, layer is continued outwards 
over each villus as its external covering ; but the cells 
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covering the villi differ in shape from those lining the 
glands (Fig. 82, B, C). 

At irregular intervals along the mucous membrane the 
lymphoid tissue between the glands is developed into 
small rounded masses called “solitary glands” or 
“solitary follicles.” These closely resemble the 
glandular 4^ubstance of the alveoli at the cortex of a lym- 
phatic gland (p. 90), and are similarly crowded with leuco- 
cytes. In parts of the small intestine, more particularly 
in the ileurn, groups of these follicles are found packed 
closely together; they are then knowm as “ agminated 
glands,” or Peyer’s patches; these do not occur in 
the large intestine. 

At the commencement of the duodenum arc certain 
small racemose glands, called the glands of Brunner, 
whose ducts open into the intestine. Their functic/n 
seems to be quite unimportant. 

12. The Structure of the Villi.— A villus, as already 
explained, is a projection into the cavity of the intestine 
of the tissue between the glands of Lieberkiilin, and is 
covered by an epithelium continuous with that wliich 
lines these glands. The average length of a villus is about 
•5— ‘7 of a millimetre ^ of an inch). Running ii]) the 

centre or axis of the villus is a relatively large lymphatic 
vessel which ends blindly at the summit of the villus, but 
at its base opens into the lymphatics in the submucous 
tissue (Fig. 82, 1 ). This central lymphatic is called a 
lacteal. Lying around the lacteal and parallel to it, are 
a few small fibres of unstriated muscle derived from the 
muscularis mucosae, which is a thin layer of un- 
striated muscle in the mucous membrane, lying next to 
the submucous coat (Fig. 82, m.m) ; outside these 
again, close under the epithelium of the villus, is a net- 
work of capillaries (Fig. 82, c), which receive blood from 
an artery in the submucous layer and return it by a small 
vein to the veins of the same layer. 

All the space left in between the several structures so 
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Fig. 82. —Diagram of Two Villi and an adjacent Gcand of 
LikberkDhn (Hardy). 

A, two villi with a gland of Lieberkuhn, G. 
m.m, muscularis mucosas ; I, central lacteal ; c, 

B, x>ortioii of epithelium of villus more highly magnified to show one 
“ goblet ” cell (above) and two of the other epithelial cells ; C, two of the 
cells which lino the tube of the gland of Ljeberktihn, more highly 
magnified. 


K between their bases ; 
blood^apillaries. 
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far described in the body of tlie Vxllus is filled up with 
adenoid (lymphoid) tissue, whose meshes are more or less 
crowded with leucocytes. 

The epithelium covering a villus is made up of cells of 
two kinds. Of these the large majority are tall, columnar, 
and granular, with an oval nucleus towards their inner 
end. Tlve outer end of each cell (on the surface of the 
villus) shows a narrow, strongly striated border (Fig. 82). 
Lying between these are cells which, from their shape, 
are often called “ goblet ” cells, but which in structure are 
practically the same as the mucous cells of the submaxillary 
gland already described (p. 236). These cells secrete the 
mucus which covers the ins de of the intestine. The 
columnar cells are concerned in the absorption of digested 
food. 

13. The Structure of the Pancreas and its Changes 
during Secretion.— The pancreas is a racemose gland, 
but the alveoli in which the ducts end are somewhat 
elongated as compared with their more rounded shape in the 
salivary glands. The cells in each alveolus are not unlike 
those of the parotid gland (p. 237). When the gland has 
been at rest for some time the cells are large, their outlines 
indistinct, and the central [)arts of each is thickly loaded 
with v^y obvious granules (Fig. 83, A). After the gland 
has been secreting for some time, the cells are smaller, 
their outline distinct, and the granules have largely dis- 
appeared. Those granules which remain are now placed 
at the inner ends of the cells next to the lumen of the 
alveolus (Fig. 83, B). These difierences in the appearance 
of the cells in the two conditions of rest and activity 
show quite clearly that while at rest these cells build 
up material which is lodged in their substance as ob- 
vious granules and discharge this material as part of the 
secretion as soon as they become active. Thus the changes 
taking place in the cells of the pancreas during se- 
cretion are essentially the same as those previously 
described in the dase of the ^ialivary glands, and have 
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the same significance in explanation of the phenomena 
of secretion. 

14. The Nature and Action of Pancreatic Juice.— 

Pancreatic juice is a somewhat viscid fluid, alkaline from 
the presence of sotlium carbonate and containing a fairly 
large amount of proteid in solution. It contains further, 
as its most important constituents, three solubftj ferments. 
Of these the chief is one which is called trypsin, and is so 
far like pepsin that it converts proteids into peptones,^ 



B. A, 


Fig. 83.— a Portion of the Pancreas of a Rabbit. 

A, at rest ; B, in a state of activity. 

a, granular central zone of the cells ; b, clear outer zone ; c, lumen of 
alveolus ; d, junction of two neighbouring cells. 


but it differs from pepsin in several respects. In the 
first place trypsin is most active in an alkaline solution, 
such as of 1 per cent, sodium carbonate, while pepsin will 
only act in presence of an acid. In the next place, the 
change which proteids undergo by the action of trypsin 
does not end with the formation of peptones, as 4t does 
in the case of pepsin, but proceeds further, and some 


1 An artificial pancreatic digestion of proteids may be carried on in 
the way already described for pepsin (p. 245), using as a digestive fluid a 
1 per cent, solution of sodium carbonate to which some of the extract of 
pancreas sold as “L^nor pancreaticus ” has be^n a^ded. 

S 
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of the peptone is broken down^nto the crystalline 
substances known as leucine and tyrosine. Of these the 
leucine is peculiarly interesting, inasmuch as after it is 
absorbed it is carried to the liver in the blood of the 
portal vein and is by the liver converted into urea (see 
p. 189). 

The secoiid ferment in pancreatic juice is one which 
resembles the ptyalin of saliva in so far as it converts 
starch into sugar, but it acts more energetically, and the 
sugar it produces, though chiefly maltose (Cj 2 H 22 O^), is 
mixed with a certain quantity of dextrose (Cg Hjg Og). 

The third ferment has no action on either proteids 
or carbohydrates, but it acts on the ordinary fats in 
such a way as to split them up into glycerine and 
a fatty acid. The latter uniting with the alkali of 
the pancreatic juice forms soaps, and this process is 
known as saponification. The soaps so formed are 
important, for they help greatly in reducing the fats 
to that state of fine subdivision, known as an emnlsion,^ 
which, as we shall see presently, is an important pre- 
liminary to the absorption of fat from the intestines. 

Pancreatic juice, as containing these three ferments, acts 
therefore on all three classes of food-stufis, peptonising 
the proteids, saponifying and emulsifying the fats, and 
converting starch into sugars. 

Although the most obvious function of the pancreas 
is to secrete a digestive juice, there are reasons for 
supposing that it has other important uses. If it be 
removed from an animal, a large quantity of sugar 
(dextrose) speedily appears in the urine and the animal 
wastes away. Such a condition is not infrequently observed 
in mai|y and is known as diabetes ; and in some cases 
of diabetes the pancreas has been found to be diseased. 

1 When a substance is sub-divided into extremely minute particles, 
suspended in a fluid under conditions such that these particles do not nm 
together on standing, the substance is said to be emulsified and the fluid 
is called an emulsion. Thus milk is a typical emulsion. 
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In this respect the jlb,ncreas seems to exert some control 
over the nutrition of the body in a way somewhat 
similar (though differing in its results) to the influence 
exerted by the thyroid gland and the suprarenal bodies 
(see p. 220). 

15. The Nature and Action of Bile.— Bile is the 

fluid secreted by the liver (see p. 213). Isj the con- 
dition in which it may most ordinarily be observed it 
has a greenish colour, but as it flows fresh from the 
liver it is bright yellow with a brownish tinge. This 
colour is due to a pigment called bilirubin. By 
oxidation this may be easily converted into a green 
pigment called biliverdin, and the difi’erences in the 
colour of the bile of different animals depends on the 
relative amounts of these two pigments which they contain. 
These colouring matters are usually known as the bile- 
pigments, and of these the bilirubin is probably, as 
already stated (p, 105), formed from the htemoglobin of 
the red blood -corpuscles by some peculiar action of the 
cells of the liver. In addition to the pigments bile, which 
consists of about 85 per cent, of water, holds in solution 
certain salts of sodium, the bile-salts. These are salts 
of two organic acids, one called glycocholic, the other 
taurocholic. The former consists of carbon, oxygen, 
hydrogen, and nitrogen, while the latter contains ad- 
ditionally a considerable quantity of sulphur. 

Bile as it is secreted by the liver is a thin fluid, but after 
its sojourn in the gall-bladder, where it is stored in the 
intervals between its discharge into the intestines, it 
contains a considerable amount of mucin, secreted into 
it by the cells which line the gall-blatlder and is now 
viscid and slimy. 

Bile has of itself no direct chemical action on food-stuffs. 
But as an alkaline fluid, poured into the intestine in large 
quantity, it serves to neutralise the acidity of the chyme as 
it leaves the stomach and thus prepares it for the action 
of pancreatic juice. Further it plays an important part, 

s 2 



260 


ELEMENTARY PHYSIOLOGY 


LESS. 


when mixed with pancreatic juicef in leading to the 
emulsification of fats, and also facilitates their subsequent 
absorption. It also possesses well-marked antiseptic pro- 
perties and thus prevents any undue putrefactive changes 
in the contents of the intestine. 

16. The Changes Food Undergoes in the Intestines. 

— The only^ecretions, besides those of the proper intesti- 
nal glands, which enter the intestine, are those of the 
liver and the pancreas — the bile and the pancreatic juice. 
The ducts of these organs have a common opening in the 
middle of the bend of the duodenum ; and, since the 
common duct passes obliquely through the coats of the 
intestine, its walls serve as a kind of valve, obstructing 
the flow of the contents of the duodenum into the duct, 
but readily permitting the passage of bile and pancreatic 
juice into the duodenum (Figs. 67 and 76). 

The glands of Lieberkiihn are supposed to form a cer- 
tain amount of a secretion known as succtis entericus, 
or intestinal juice, which they then discharge into the 
intestine. The precise functions of this secretion are but 
little known : in some animals it may possibly be able to 
convert starch slowly into sugar and to peptonise proteids. 
But on the whole it probably possesses very little import- 
ance as a digestive agent. 

After gastric digestion has been going on some time, 
and the semi-digested food begins to i>ass on into the 
duodenum, the pancreas comes into activity, its blood- 
vessels dilate, it becomes red and full of l^ood, its cells 
secrete rapidly, and a copious flow of pancreatic juice 
takes place along its duct into the intestine. 

The secretion of bile by the liver is much more con- 
tinuous than that of the pancreas, and is not so markedly 
increased by the presence of food in the stomach. 
Thel^e is, however, a store of bile laid up in the gall- 
blifeteer ; and as the acid chyme passes into the duodenum, 
and flows over the common aperture of the bile and pan- 
creatic ducts, a quantity of bile from this reservoir in the 
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gall-bladder is ejected into the intestine. The bile and 
pancreatic juice together here mix with the chyme and 
produce remarkable changes in it. 

In the first place, the alkali of these juices neutralises 
the acid of the chyme ; in the second place, both the bile 
and the pancreatic juice appear to exercise <\n influence 
over the fatty matters contained in the chyme, which 
facilitates the subdivision of these fats into very minute 
separate particles, and this action is specially well-marked 
when bile and pancreatic juice are mixed. The fat, as it 
passes from the stomach, is very imperfectly mixed with 
the other constituents of the chyme ; and the drops of fat 
or oil (for all the fat of the food is melted by the heat of 
the stomach) readily run together into larger masses. By 
the combined action, however, of the bile and pancreatic 
juice 'the large drops of fat which pass into the intestine 
from the stomach are eimdsijiedy that is to say are broken 
up into exceedingly minute particles, and thoroughly 
mixed with the rest of the contents ; they are brought in 
fact to very much the same condition as that in which 
fat (i.e. butter) exists in milk. When this emulsifying 
has taken place the contents of the small intestine no 
longer appear grey like the chyme in the stomach but 
white and milky ; in fact it and milk are white for the 
same reason, viz., on account of the multitude of minute 
suspended fatty particles reflecting a great amount of 
light. 

The contents of the small intestine, thus white and 
milky, are sometimes called chyle ; but it is best to reserve 
this name for the contents of the lacteals, of which we 
shall have to speak directly. 

The emulsifying of the fats is not, however, the only 
change going on in the small intestine. The pancreatic 
juice has an action on starch similar to that of saliva, but 
much more powerful. During the short stay in the 
mouth very little starch has had time to be converted into 
sugar, and in the stomach, as we have seen, i^he action of 
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the saliva is arrested. In the small intestine, however, 
the pancreatic juice takes up the work again ; and indeed, 
by far the greater part of the starch which we eat is 
digested, that is, changed into sugar, by the action of this 
juice. 

Nor is this all, for, in addition to the above, the alkaline 
pancreatic juice has a powerful effect on proteids very 
similar to that exerted by the acid gastric juice ; it con- 
verts them into peptones, and the peptones so produced 
do not differ materially from the peptones resulting from 
gastric digestion. At the same time a variable amount of 
leucine and tyrosine make their appearance as the result 
of the further action of pancreatic juice on the first- 
formed peptones. 

Hence it appears that, while in the mouth carbo- 
hydrates only, and in the stomach proteids only, are 
digested, in the intestine all three kinds of food-stufts, 
proteids, fats, and carbohydrates, are either completely 
dissolved and made diffusible or minutely subdivided, and 
so prepared for their passage into the vessels. 

As the food is thrust along the small intestines by tlie 
grasping action of the peristaltic contractions, the digested 
matter which it contains is absorbed, that is, passes away 
from the interior of the intestine into the blood-vessels 
and lacteals lying iii the intestinal walls. 

All the way down the small intestines, the proteids, 
carbohydrates, and fats of a meal are being dissolved or 
freely divided, or otherwise changed, and passing away 
into the lacteals or blood-vessels. So that, by the time 
the contents of the intestine have reached the ileo-cmcal 
valve, a great deal of the nutritious matter has been 
removed. Still, even in the large intestine, some nutri- 
tious matter has still to be acted upon ; and we find that, 
in the ciecum and commencement of the large intestine, 
changes ai*e taking place, apparently somewhat of the 
nature of fermentation, whereby the contents become acid. 
But these changes do not appear to be brought about 
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by any soluble ferments secreted by the walls of this 
intestine ; on the contrary they are largely the result of 
the activity of cei’tain minute organisms or organised 
ferments (Bacteria, &c.). 

In herbivora a considerable quantity of the cellulose 
they eat does not reappear in the faeces and a small 
amount may be digested in man. This digestion of 
cellulose probably takes place in the large intestine and 
is brought about by the action of micro-organisms. 

One marked feature of the changes undergone in the 
large intestine is the rapid absorption of water. Whereas 
in the small intestine, the amount of fluid secreted into 
the canal about equals that which is removed by absorp- 
tion, so that the contents at the ileo-caecal valve are 
about as fluid as they are in the duodenum ; in the large 
intestine on the contrary, especially in its later portions, 
the contents become less and less fluid. At the same 
time a characteristic odour and colour are developed, and 
tlie remains of the food, now consisting either of un- 
digestible material, or of material which has escaped the 
action of the several digestive juices, or withstood their 
influence, gradually assume the characters of fa3ces. 

17. Absorptioik from the Intestines. —A great deal 
of the absorption takes place in the small intestine 
(though the process is continued on in the large intestine), 
and there can be no doubt that it is largely effected by 
means of the villi. Each villus, as we have seen (p. 265), 
is covered by a layer of epithelium, and contains in the 
centre a lacteal radicle, between which and the epithelium 
lies a network of capillary blood-vessels embedded in a 
delicate tissue. Now in some way or other, not even yet 
thoroughly understood, the majority of the minute par- 
ticles of the finely divided, emulsified fat, pass through 
the cells of the epithelium, past the capillary blood- 
vessels, into the central lacteal radicle ; so that, after a 
fatty meal, these lacteal radicles of the villi become filled 
with fat. The lacteal radicle is continuous with the 
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interior of the lymphatic vessels which ramify in the walls 
of the intestine, and which pass into the larger lymphatic 
vessels running along the mesentery towards the thoracic 
duct. Into these vessels the finely divided fat passes from 
the lacteal radicle of the villus, and, mixing with the 
ordinary lymph contained in these vessels, gives their 
contents a (rhite, milky appearance. Lymph thus white 
and milky from the admixture of a large quantity of finely 
divided fat is called chyle ; and this white chyle may after 
a meal he traced along the lymphatics of the mesentery 
to the thoracic duct, and along the whole course of that 
vessel to its junction with the venous system. After a 
meal, in fact, this vessel is continually pouring into the 
blood a large quantity of chyle, t.e. of lymph made white 
and milky by the admixture of fats drawn from the villi 
of the small intestine. 

The absorption of fat by the epithelial cells of the villi 
is a process which is as yet not thoroughly understood ; 
but it must depend on some specific action of the cells in 
virtue of the fact that they are living things. It cannot 
be explained by reference to the merely chemical and 
physical condition of the fat ; but the physical state i>f 
minute subdivision to which fats are reduced in the 
intestine of course serves to bring the fat within the grasp 
of the cells. 

In the case of the proteids and carbohydrates, the 
result of digestion has been to produce a solution of 
peptones and sugars which are extremely soluble and 
highly diffusible. Now we know that if such a solution 
is separated by a thin membrane from a solution of 
ordinary non-diffusible proteids, there would be a rapid 
transmission of the diffusible substances through and 
across the membrane. The conditions necessary for such 
a process are evidently present in the intestines where 
the solution in its interior is sejmrated by what is practi- 
cally a thin membrane from the (albuminous) blood in the 
capillaries just below the epithelial cells. It is thus very 
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tempting to suppose that the absorption of peptones and 
sugars (also of salts) is the result of their diftusibility and 
of the conditions to which they are exposed. And indeed 
within certain limits this view is correct. But it»does not 
by any means explain the whole process. For if sub- 
stances of differing diffusibilities be placed in the intestines 
it is not found that the most diffusible substance is neces- 
sarily absorbed the fastest. In fact we find that the 
details of the absorption are in many ways so peculiar 
that we must again, as in the case of the fats, look to the 
livmj epithelial cells of the villi as determining and com- 
pletely controlling the process, which is thus partly 
physical but chiefly due to the special activity of cells. 

The fats pass, as already stated, into the lacteals and 
thence through the lymphatic vessels and thoracic duct 
into the blood. Peptones and sugar, on the other hand, 
a])pear to be taken up by the capillary blood-vessels of 
the villus, so that very little if any of them gets to the 
lacteal radicle. From the capillaries of the villi the pep- 
tones and sugar are then carried along the portal rein to 
the liver, w^here they probably undergo some further 
change. So that while the fat, though it gets for the 
most part into the general blood current by a round- 
about way, viz., by the lymphatics, reaches the blood, 
as far as we know, very little changed, the peptones and 
sugars on the other hand, though also taking a roundabout 
course, viz., by the liver, are probably altered before they 
are thrown into the general blood stream ; for the portal 
blood in which they are carried is acted upon by the liver 
before it flows through the hepatic vein into the general 
venous system. But concerning both the process of 
absorption itself and the changes undergone by the 
absorbed products before they reach the heart, ready to 
be distributed all over the body, we have probably much 
yet to learn. 
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Part II. — Food and Nutrition. 

1. Som6 Aspects of Nutrition. — The digestive 
changes which mixed food undergoes in the alimentary 
canal prepares the food-stuiFs, of which it is composed, 
for distribution as their food to the various tissues of the 
body. Entering the tissues, the food-stufFs provide, by 
the oxidational changes which they undergo, the energy 
which the body expends as heat and mechanical work, and 
at the same time they make good the waste of substance 
which results from their oxidation. While being in this way 
metabolised ^ or worked through the tissues, the food-stuffs 
may give rise incidentally to changes in the composition 
of any individual tissue or of a group of tissues, and hence 
of the body as a whole. These changes depend not merely 
upon the total amount of mixed food supplied to the body, 
but more particularly upon the relative amounts of each 
kind of food-stuff which is present in and goes to make up 
that variable total amount of food. Thus we have the 
phenomena of starvation as an extreme instance of the effect 
of variation in the amount of food given ; and the special 
storage of glycogen (p. 216), and of fat are obvious instances 
of the effects of individual food-stuffs. The consideration 
of the possibilities thus indicated provides some of the 
problems of nutrition. But nutrition has also to deal 
with the quantitative relationships between the amount of 
food supplied and the amount of waste excreted ; to strike 
a balance between the two and to draw conclusions from 
the balance-sheet as to how the business of the body is 
being carried on. Further, since food not only repairs 
waste but also provides energy, the balance-sheet must 
take into account how much total energy is supplied in 

1 See note on p. 18 S. 
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tlie food and how this available income is expended as 
heat and work. 

2. Some Statistics of Nutrition. -- The average 
weight of a healthy full-grown man may be taken as 70 
kilogrammes (154 pounds). Such a body is made up, in 
round numbers, as follows : — , 


Muscles and Tendons 

Skeleton 

Skin 

Fat 

Brain 

Thoracic viscera 
Abdominal viscera . 
Blood ^ 


41 per cent. 
-16 

7 „ 

18 ,, 

2 ,, 

2 „ 

7 „ 

7 „ 

100 ,, 


The waste which this body excretes and its distribution 
among the chief excretory organs is shown in tlie table on 
the following page, in which the “water and other 
matters ” represent the total waste. 

The “ other matter ” from the lungs is chiefly carbonic 
acid, in which the larger part of the carbon is excreted, 
bringing with it nearly all the oxygen originally taken in 
by the lungs. From the kidneys it includes urea, which 
contains nearly the whole of the nitrogen excreted, 
together with some 25 grammes (nearly 1 oz.) of inorganic 
salts. From the skin the “other matter” is a small 
amount of salts and some carbonic acid, and in the beces 
it includes some 5 grammes of salts. The total output of 


1 The total amount of blood in the body is about 5 litres or rather 
more thana^llon, and may be taken as b^g usually about j'g or of 
the weight of the body. 



Water and other Matters which contain Nitrogen and 
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salts from the body i# thus about 30 grammes (or rather 
more than 1 oz.). 

This daily loss has to be made good ^ the new food 
supplied. But in calculating the amount of material 
necessary to replace the waste, we need only turn our 
attention to the nitrogen and the carbon, for the water 
lost represents almost entirely water taken as Arink or in 
the food, although a small amount comes from the oxida- 
tion of the hydrogen of the food ; the oxygen is derived 
from the air, and the s«alts are largely, though not entirely, 
introduced as salts with the food. 

The daily waste of nitrogen and carbon may be taken 
in round numbers as about 20 grammes (300 grains) of 
the former and 270 grammes (or about oz.) of the latter. 
The nitrogen necessary to make good this loss can only be 
obtained from proteids. 

No substance can serve permanently for food — that is 
to say, can prevent loss df weight and change in the general 
composition of the body — unless it contains a certain 
amount of proteid matter in the shape of albumin, casein, 
&c., <fec., while, on the other hand, any substance which 
contains proteid matter in a readily assimilable shape, is 
competent to act as a permanent vital food-stuff. 

The human body, as w^e have seen, contains a large 
quantity of proteid matter in one or other of the forms 
which have been enumerated ; and, therefore, it turns out 
to be an indispensable condition, that every substance 
which is to serve permanently as food, must contain a 
sufficient quantity of the most important and complex 
component of the body ready made. It must also con- 
tain a sufficient quantity of the mineral ingredients which 
are required. Whether or no it contains either fats or 
carbo-hydrates, or both, its essential power of support* 
ing the life and maintaining the weight and composition 
of the body remains unchanged. 

The necessity of constantly renewing the supply of 
.proteid matter arises from the circumstance that whether 
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the body is fed or not, a breaking ♦down of proteid mate- 
rial is continually going on, giving rise to a constant 
nitrogenous waste, which leaves the body in the form of 
urea. Now, tms nitrogeneous waste, coming from the 
breaking down of proteid material,- can only be met by 
fresh proteid material being supplied. If proteid matter 
be not supplied, the body must needs waste, because 
there is nothing in the food competent to make good the 
nitrogeneous loss. 

On the other hand, if proteid matter be supplied, there 
can be no absolute necessity for any other but the mine- 
ral food-studs, because proteid matter contains carbon 
and hydtbgen in abundance, and hence is competent to 
iiiaffe good not only the breaking dov n which is indicated 
by the nitrogenous loss, but also that which is indicated 
by the other great products of waste, carbonic acid and 
water. 

In fact, the final results of Mxe oxidation of proteid 
matters are carbonic acid, water, and ammonia ; and 
these, as we have seen, are the final shapes of the waste 
products of the human economy. 

i^roteids contain in round numbers about 15 per cent, 
of nitrogen and 53 per cent, of carbon, so that the 20 
grammes of nitrogen might be obtained from 130 grammes 
of proteid, which would at the same time introduce about 
70 grammes of carbon. But the daily waste of carbon is 
(about) 270 grammes, thus some 200 grammes of carbon 
are still required to balance the excess In the excreta. 
This additional amount of carbon may be obtained from 
either fats or carbohydrates, but preferably from a 
mixture of the two. Now fats contain 80 per cent, of 
carbon, and carbohydrates contain 40 per cent. ; thus the 
desired amount of extra carbon may be obtained by 
adding to the 130 grammes of proteid, about 50 grammes 
of fats which contain 40 grammes of carbon, and 400 
grammes of carbohydrates which contain 160 grammes of 
carbon. Adding to Aes© 30 grammes of inoi^anic salts 
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and 2,300 grammes water the total waste is about 
balanced thus : — 

f 

Nitrogen. C^bon. 

oteids 130 grammes (4^ oz.) contain 20 grammes (J oz.) 70 grtonUps (2J oz.) 


ts 50 

„ (2 oz.) 

n 

40 „ (U oz.)' 


,, (14 oz.) 

„ 

160 ,, (5^ oz.) 

Its .... 30 

» (I oz.) 

M 

1 

iter... 2,300 

,, (4 pints) 

. 

— 

2,010 gramiucfi 

20 grammes 

270 grammes (0^ oz.) 

Foods 

as previously explained (p. 224) never consist. 


except perhaps in the case of fats and oils, of one kind of 
food-stuff only ; each article of food contains at most an 
excess of some one kind of food-stuff, and no two foods 
are exactly alike. Hence the selection of such foods as 
will supply the amount proti^ds, fats, and carbo- 
hydrates required by the above statement opens up the 
possibility of an almost indefinite choice. But the 
composition of the more commonly used articles of food 
as regards the amounts of the several kinds of food-stuffs 
they contain, has been very carefully determined, so that 
we may now proceed to select a meal such as will give us 
the desired quantities of proteids, fats, and carbohydrates. 

Suppose, for instance, that we select lean meat, bread, 
potatoes, milk, and fat, such as butter or dripping, as our 
food. We may obtain all that we r^uire from the 
amounts of each food shown in the table on the following 
page. 

The amounts of the several foods shown in the above 
table suffice to cover the waste shown in the table on p. 268 
and constitute what is ordinarily known as a diet. But the 
data thus given are to be taken rather as an illustration 
of how the balance-sheet between food and waste is drawn 
up, than as an example of exactly what a man ought to 
eat in the way of food. As already pointed out, foods are 
many, and vary in the relative amounts of the several 
, food-stuflfe they contain, so that it is possible to draw up 
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many such tables all^satisfying the condition of covering 
the daily loss of 20 grammes of nitrogen and about 270 or 
300 grammes of carbon. 

In drawing up such a table of diet the question of cost 
must also not be forgotten, as in the case of fixing the 
diet for soldiers or prisoners. Thus, for instance, it costs 
more to olitain the requisjte amount of carbon from fat 
than from sugar or starch. ^ ' Moreover, the value of a diet 
depends also on the ease with which its constituents can 
be digested and utilised. Mere chemical analysis is 
by itself a very insufficient guide as to the useful- 
ness and nutritive value of an article of food. A 
substance to be nutritious must not only contain 
some or other of the various food-stuffs, but contain 
them in an available, that is a digestible, form. A 
piece of beef -steak is far more nourishing than a quantity 
of pease pudding containing even a larger proportion of 
proteid material, because the former is far more digestible 
than the latter ; and a small piece of dry hard cheese, 
though of high nutritive value as judged by mere chemical 
analysis, will not satisfy the more subtle criticism of the 
stomach. 

3. The Economy of a Mixed Diet.—The body, as we 
have repeatedly pointed out, cannot obtain the nitrogen 
it requires from any source other than the ready-made 
proteids. Hence in the absence of these from the food of 
an animal it must sooner or later die from what is known 
as nitrogen starvation. 

In this case, and still more in that of an animal deprived 
of vital food altogether, the organism, so long as it con- 
tinues to live, feeds upon itself. In the former case, all 
the processes involving a loss of nitrogen, in the latter, 
all the processes leading to the appearance of all the 
several waste products, are necessarily carried on at the 
expense of its own body ; whence it has been rightly 
enough observed that a starving sheep is as much a car- 
nivore as a lion. Proteid is thiis the essential element of 

T 
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all foody nnd since it contains carbon as well as nitrogen it 
may suffice, under certain circumstances, to maintain the 
body ; but it is a very disadvantageous and uneconomical 
food-stuff when taken by itself. 

Albumin, which may be taken as a type of the proteids, 
contains about 63 parts of carbon and 15 of nitrogen in 
100 parts. If a man were ^ be fed on white of egg, 
therefore, he would take in, speaking roughly, parts of 
carbon for every part of nitrogen. 

But we have seen that a healthy, full-grown man, 
keeping up his weiglit and heat, and taking a fair amount 
of exercise, eliminates per diem 270 to 300 grammes of 
carbon to only 20 grammes of nitrogen, or, roughly, only 
needs one-thirteenth to one-fifteenth as much nitrogen as 
carbon. However, if he is to get his 270 grammes of 
carbon out of albumin, he must eat 500 grammes of that 
substance. But 500 grammes of albumin contain 75 
grammes of nitrogen, or nearly four times as much as he 
wants. 

To put the case in anther way, it takes about four 
pounds (1,800 grammes) of fatless meat (which generally 
contains about one-fourth its weight of dry solid proteids) 
to yield the necessary amount of carbon, whereas one 
pound (453 grammes) will furnish all the nitrogen that is 
required. 

Thus a man confined to a purely proteid diet must eat 
an excessive quantity of it in order to obtain the amount 
of carbon he requires. Tliis not only involves a great 
amount of physiological labour in comminuting the food, 
and a great expenditure of power and time in dissolving 
and absorbing it, but throws a great quantity of wholly 
profitless labour upon those excretory organs, which have 
tq get rid of the nitrogenous matter, three-fourths of 
which, as we have seen, is superfluous. 

Unproductive labour is as much to be avoided in phy- 
siological as in political economy ; and it is quite possible 
that an animal fed with perfectly nutritious proteid matter 
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should die of stHrvation ; the loss of power in various 
operations required for its assimilation overbalancing the 
gain ; or the time occupied in their performance being 
too great to. permit waste to be rej)aired with sufficient 
rapidity. The body, under these circumstances, falls into 
the condition of a merchant who has abundant* assets, but 
who cannot get in his debts in time to meet his creditors. 

These considerations lead us to the physiological justi- 
fication of the universal practice of mankind in adopting a 
mixed diet, in which proteids are mixed either with fats 
or with carbohydrates, or with both. 

Fats may be taken to contain about 80 per cent, of 
carbon, and carbohydrates about 40 per cent. Now it has 
been seen that there is enough nitrogen to supply the 
waste of that substance per diem, in a healthy man, in 
4o3 grammes (a pound) of fatless meat which also contains 
67 grammes (1,000 grains) of carbon, leaving a deficit of 
200 grammes (3,000 grains) of carbon ; 250 grammes (say 
half a pound) of fat, or 500 grammes (rather more than 
a pound) of sugar, will supply this quantity of carbon. 

Several apparently simple articles of food constitute 
a mixed diet in themselves. Thus butcher’s meat com- 
monly contains from 30 to 50 per cent, of fat. Bread, 
on the other hand, contains the proteid gluten, and the 
carbohydrates, starch and sugar, with minute quantities 
of fat. But from the proportion in which these proteid 
and other constituents exist in these substances, they arc 
neither, taken alone, such physiologically economical 
foods as they are when combined in the proportion of 
about 200 to 75, or two pounds of bread to three-quarters 
of a jx)und of meat per diem. 

There is one largely consumed article of food which is 
not merely composed of all the various food-stuffs requisite 
to provide a mixed diet, but contains these substances in 
the relative amounts most suitable for affording an 
economical diet as regards the proportion of the nitrogen 
to the carbon. This food is milk. Milk consists chiefly 

T 2 
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of water (86 p. c.) in which proteids, casein and some 
albumin, are dissolved, as also a carbohydrate, milk-sugar 
or lactose, and inorganic salts such as chlorides and 
phosphates of sodium, potassium and calcium. The fat 
present in milk is emulsified or suspended in the water in 
the form ,of extremely minute globules, and the white 
appearance presented by milk is due to the great amount 
of light reflected from these minute particles of fat. 

4. The Effects of the several Food-stuffs.— When 
some proteid food is given to an animal, such as a dog, 
which has been previously starved, the larger j^art of the 
nitrogen given in the proteid is not retained in the body 
but is excreted almost immediately. If another larger 
meal of proteid be given the amount of nitrogen 
excreted is still further increased, less and less being 
retained in the body. By proceeding in this way it is 
possible to increase the excretion of nitrogen to such an 
extent that it ultimately becomes equal to the amount 
administered in the food : the animal is then said to be 
in ‘‘nitrogenous equilibrium.” Such are the facts, and 
their meaning is obvious. The proteid-food stirs up the 
nitrogenous rmtaholism of the body and stimulates it to 
an increased activity. But this effect is not confined to 
the nitrogenous metabolism alone, for if the output of 
carbonic acid and the corresponding intake of oxygen be 
measured during the above experiment, they are both 
found to be considerably above the average. Hence 
proteid food also stimulates the no7i-nitrogenous metabolism 
of the body and thus leads to an increased waste of all 
kinds. This fact is indeed made use of for the treatment 
of obesity by dieting, as in the Banting “ cure,” in which 
the carbohydrates and fat in the food are reduced as far 
as possible and large amounts of proteid are given. 

The effects of carbohydrates and fats as foods cannot 
be studied by feeding an animal with these alone, as 
is possible with proteids. But this difficulty may be 
got over by administering a small, quantity of proteid 
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with a variable amoiifffc of either carbohydrate or fat. In 
this case it is found that an increase of the carbohydrate 
in food very soon leads to the laying on of fat ; and this 
corresponds to the everyday experience which is frequently 
embodied in the expression “sugar is fattening.’' At 
the same time analysis of the liver shows that a large 
amount of qlycoqen is stored up in it, as previously ex- 
plained (p. 216). 

If fats be given in increasing quantity they also finally 
lead to a laying on of fat, but by no means so readily as 
does an increase of carbohydrates. At the same time, 
no storage of glycogen is observed in the liver. Fats are 
therefore not as fattening as might at first sight have been 
expected. 

We have already mentioned gelatin as a food-stufi' 
which, consists of the same four elements as are present 
in proteids and in somewhat similar proportions. But 
the nitrogen in gelatin cannot permanently replace that 
of a proteid for the repair of nitrogenous waste. An 
animal fed with gelatin dies ultimately of “nitrogen 
starvation,” though not as soon as it would without this 
constituent of food. This seems to imply that the 
nitrogen of gelatin can for a time and to a certain extent 
take the place of the nitrogen of proteids ; and this view 
is borne out by the fact that “nitrogenous equi- 
librium” can be attained quite readily when a considerable 
amount of the proteid required in the experiment is re- 
placed by gelatin. Thus gelatin reduces the waste of the 
body and, so far, may be a useful article of food. 

The salts which leave the body are largely the salts 
which were introduced in the food. It might therefore 
at first sight appear that they are merely unavoidable 
constituents of food which are largely passed without 
change through the bocl|[. But this is not the case. In 
some way or other the salts of food play an e^ential 
part in directing the metabolism taking place in the 
tissues. Thus animals fed with an abundance of food, 
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which has however been freed as ^lar as possible from 
salts, soon die with symptoms of defective nutrition, 
accompanied by paralysis and convulsions. 

When an animal is deprived of all food whatsoever, it 
begins to feed on its own tissues. Thus up to the day of 
its death from starvation there is an output of urea and 
of carbonic acid, though in amounts less than when food 
is being taken. The loss of tissue-substance thus pro- 
duced affects the several tissues to different extents ; but 
without entering into details we may simply point out 
that the master-tissues suffer least, in the obvious effort 
to prolong life to the utmost. Thus the brain and spinal 
cord are almost unaltered at death, and the blood and 
the muscular tissue of the heart also lose but little as 
compared with the fat and the skeletal muscles on which 
the body is now chiefly living. 

5. The Erroneous Division of Food-stuffs into 
Heat-producers and Tissue-formers. -Food-stuffs have 
been divided into heat-producers and tissue-formers— 
carbohydrates and fats constituting the former division, 
the proteids the latter. But this is a very misleading, and 
indeed erroneous classification, inasmuch as it implies, on 
the one hand, that the oxidation of the proteids does 
not develop heat ; and, on the other, that the carbo- 
hydrates and fats in being oxidised,^' subserve only the 
production of heat. 

Undoubtedly proteids are tissue-formers, inasmuch as 
no tissue can be produced without them; for "all the 
tissues are nitrogenous, some containing a lai^e and 
others a small quantity of nitrogen, and proteids are the 
only nitrogenous food-stuffs ; they alone can supply the 
nitrogenous elements of the tissues. But there is 
reason to think that the fats and carbohydrates taken as 
food may also be directly built up jypto the tissues. 

Moreover if the proteids alone are the tissue-formers 
then the energy set free during tlie contracting activity of 
the pre-eminently nitrogenK)us muscles ought to come 
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from the metabolism* of their proteids. But this is not 
found to be the case, for even the most violent muscular 
exercise does not load to any increased output of nitro- 
genous waste which is in the least proportionate to 
tlie work being done. On the other hand exercise at 
once, and largely, increases the excretion of carbonic acid, 
to an extent which may be five times as great as during 
rest ; that is to say, the non-nitrogenous part of the 
tissue seems to be used up more quickly than the nitro- 
genous j)art ; and the consumption of this particular 
constituent of the muscular substance may be made good 
by non-nitrogenous food, by fats or carbohydrates. 

On the other hand, proteids must be regarded as heat- 
producers also. For if oxidation be, as has been suggested, 
largely confined to the tissues, though in some tissues, as 
in muscles, the non-nitrogenous part seems to be most 
rapidly changed, yet the nitrogenous part, supplied by the 
proteids, is sooner or later oxidised, and in being oxi- 
dised must give rise to heat. 

As soon as the elements of the food, in fact, get into 
the tissues, the distinction between the two classes is 
lost ; both form tissues, and both supply heat. 

If it is worth while to make a special classification of 
the vital food-stuffs at all, it appears desirable to dis- 
tinguish the esseiitial food-stuffs, or proteids, from the 
accessory food-stufls, or fats and carbohydrates — the 
former alone being, in the nature of things, necessary to 
life, while the latter, however important, are not abso- 
lutely necessary, 

6. The Income and Expenditure of Energy.— It is 

quite certain that nine-tenths of the dry, solid food which 
is taken into the body, sooner or later leaves it in the 
shape of carbonic acid, water, and urea ; and it is also 
ceitain not only that the compounds which leave the 
body are more highly oxidised than those which enter it, but 
that all the oxygen taken into the blood by the lungs is 
carried away out of the body in the various waste products. 
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The intermediate stages of this conversion are, how- 
ever, by no means so clear. It is highly probable that 
all the food-stuffs which pass from the alimentary canal 
into the blood, be they proteids, or fats, or carbohydrates, 
become part and parcel of some tissue or other (muscle, 
nervous tisf^ue, glandular tissue, and the like), before they 
are oxidised ; that indeed it is as constituent elements of 
some tissue or other that they suffer oxidation, and that the 
amount of oxidation going on in the blood is very small. 

In the course of its oxidation, the food not only supplies 
the energy which the body expends in doing work, but also 
the energy which, as we have seen, the body loses as heat. 
The oxidation of the food is indeed the ultimate source 
of the heat of our bodies, all other causes being of little 
moment. About this there can be no doubt, and it is fur- 
ther probable that the oxidation which thus gives rise to 
heat is not the oxidation of the elements of the food as 
they are carried about in the blood, but the oxidation of 
the tissues, more especially the muscles, into which the 
food-stuffs have been built up, and of which they have 
become an integral part. 

The oxidation of the tissues, which are themselves 
built up out of food, and hence ultimately the oxidation 
of the food itself, thus provides for the energy expended 
as muscular work and as heat. Now the amount of 
mechanical work a man does may be determined with no 
great difficulty, whether we calculate it as work done in 
walking or in turning some machine or in some other 
effort which results in overcoming a resistance. This 
work is measured in terms of the resistance overcome, or 
weight lifted, multiplied by the height through which it 
is raised. Thus we speak of the work done in lifting 
one pound through the height of one foot as a foot- 
pound ; or using the metric system and taking a kilo- 
gramme (2*2 lbs.) and a meter (39*37 inches) as the units 
of weight and distance, we call the unit of work a 
kilogramme-meter, equal to 7*24 foot-pounds. Using the 
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latter unit we may sajf that a good day’s work is .^bout 
150,000 kilogramme-meters. 

The unit of heat is the amount of heat required to 
raise the temperature of one pound of water through 
1° F. Now, as is seen in all ordinary engines, heat can 
do work ; and it is found that one unit of he^t can do 
772 foot-pounds of work. This is called the ‘‘mechanical 
equivalent of heat.” In the metric system the unit 
becomes the amount of heat required to raise the 
temperature of one gramme (15*4 grains) of water through 
U C. This is called a calorie, and the mechanical 
equivalent of heat is now 424 gramme-meters. Using 
these data we can readily convert heat into its equivalent 
of work or vdce versa. 

The measurement of the amount of heat given off by 
the body is by no means easy, and the sources of error 
are considerable. But allowing for these a rough deter- 
mination may be made, and the heat thus measured may 
be calculated as work by using the mechanical equivalent 
of heat and the result added to the actual work done as 
work. The outcome of this calculation shows that of the 
total energy expended by the body about one-sixth is put 
out as work and five- sixths as heat. Finally we find that 
the average total output of energy as work and heat (cal- 
culated as work) may be taken as about 1,000,000 
kilogramme-meters. 

We may now consider, how far this expenditure is met 
by the income of energy in food. When a substance is 
completely burnt, i.e. oxidised, to water and carbonic 
acid, a certain amount of heat is produced which can be 
measured. Thus it is possible to determine how much 
heat is produced by the complete combustion of one 
gramme of each of the food-stuffs, proteids, fats and 
carbohydrates. The result obtained is as follows : — 

1 gramme of proteid gives 5,700 calories. 

1 „ „ fat „ 9,500 „ 

1 ,, ,, carbohydrate ,, 4,000 ,, 
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Now ^is must also be the amount ♦of lieat produced by 
the same quantity of each of these food-stuffs during their 
oxidation in the animal body. In the case of the proteid 
some deduction has to be made because tlie proteids are 
not completely oxidised ; the nitrogen they contain leaves 
the body as urea, ivhich is still capable of undergoing 
further oxidation to water, nitrogen, and carbonic acid. 
One gramme of proteid gives rise to about 3 gramme of 
urea, and the complete combustion of this amount of 
urea gives rise to 844 calories. Hence, deducting these 
from the 5,700 gives us about 4,800 calories, wdiich Ave 
may take as being the am ilahk heat of 

combustion of one gramme of proteid. If now w^e apply 
these values to the diet given on p. 271 we find that : — 

130 grammes of proteid give 624,000 calories. 

50 ,, „ fats „ 475,000 

400 ,, ,, carbohydrate ,, 1,600,000 ,, 

2,699,000 

If now w^e take the mechanical equivalent of this heat we 
find it works out as 1,144,376 kilogramme-meters. Hence 
the energy available by the oxidation in the body of this 
particular diet is more than sufficient to balance the total 
amount which we saw was expended. 



LESSON YII 

MOTION AND LOCOMOTION 
1. The Source of Active Power and the Organs of 

Motion. — In the preceding Lessons the manner in which 
the incomings of the human body are converted into its 
outgoings has been explained. It has been seen that new 
matter, in the form of vital and mineral food, is constantly 
appropriated by the body, to make up for the loss of 
old matter, which is as constantly going on in the shape, 
chiefly, of carbonic acid, urea, and water, the formation of 
this waste being the outcome of oxidation accompanied by 
a liberation of energy. 

The vital foods are derived directly, or indirectly, from 
the vegetable world : and the products of waste either 
are such compounds as abound in the mineral world, or 
immediately decompose into them. Consequently, the 
human body is the centre of a stream of matter which 
sets incessantly from the vegetable and mineral worlds 
into the* mineral world again. It may be compared to 
an eddy in a river, which may retain its shape for an 
indefinite length of time, though no one particle of the 
water of the stream remains in it for more than a brief 
period. 

But there is this peculiarity about the human eddy, 
that a large portion of the particles of matter which flow 
into it have a much more complex composition than the 
particles which flow out of it. To speak in what is not 
altogether a metaphor, the atoms enter the body for the 
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most p^rt, piled up into large hea^s, and tumble down 
into small heaps before they leave it. The energy which 
they set free in this tumbling down, is the source of the 
active powers of the organism. 

These active powers are chiefly manifested in the 
form of motion — movement, that is, either of part of the 
body, or of the body as a whole, which last is termed 
locomotion. 

The organs which produce total or partial movements 
of the human body are of three kinds : cells exhibiting 
amoeboid movements^ cilia, and muscles. 

The amoeboid movements of 
the white corpuscles of the blood 
have been already described, and 
it is probable that similar move- 
ments are performed by many 
other simple cells of the body 
in various regions. 

The amount of movement to 
which each cell is thus capable 
of giving rise may appear per 
fectly insignificant ; neverthe- 
less, there are reasons for think- 
ing that these amoeboid move- 
ments are of great importance 
to the economy, and may under certain circumstances be 
followed by very notable consequences. 

2. Ciliated Epithelium and Action of Cilia. — Cilia 
are filaments of extremely small size, attached by their 
bases to, and indeed growing out from, the free surfaces 
of certain epithelial cells ; there being in most instances 
very many (thirty for instance), but, in some cases, only 
a few cilia on each cell (Figs. 40, 84). In some of the 
lower animals, cells may be found possessing only a 
single cilium. They are in incessant waving motion, so 
long as life persists in them. Their most common form of 
movement is that each cilium is suddenly bent upon itself. 



Fio. 84.— Columnar Cili- 
ated Epithelium Cells 
FROM THE Human Nasal 
Membrane. 

Magnified 300 diameters. 
(Sharpey.) 
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becomes sickle-shapeft instead of straight, and then more 
slowly straightens again, both movements, however, being 
extremely rapid and repeated about ten times or more 
every second. These two movements are of course 
antagonistic ; the bending drives the water or fluid in which 
the cilium is placed in one direction, while the straightening 
drives it back again. Inasmuch, however, as the bending 
is much more rapid than the straightening, the force ex- 
pended on the water in the former movement is greater 
than in the latter. The total eflect of the double move- 
ment therefore is to drive the fluid in the direction towards 
which the cilium is bent : that is, of course, if the cell on 
which the cilia are placed is fixed. If the cell be floating 
free, the effect is to drive or row the cell backwards ; for 
the cilia may continue their movements even for some 
time after the epithelial cell, with which they are connected, 
is detached from the body. And not only do the move- 
ments of the cilia thus go on independently of the rest of 
the body, but they appear not to be controlled by the action 
of the nervous system. Each cilium is comparable to one 
of the mobile processes of a white corpuscle. A ciliated 
cell difiTers from an amoeboid cell in that its contractile 
processes are permanent, have a definite shape, an'd are 
localised in a particular part of the cell, and that the 
movements of the processes are performed rhythmically 
and always in the same way. But the exact manner in 
which the movement of a cilium is brought about is not 
as yet ishoroughly understood. 

Although no other part of the body has any control 
over the cilia, and though, so far as we know, they have 
no direct communication with one another, yet their action 
is directed towards a common end — the cilia, which cover 
extensive surfaces, all working in such a manner as to 
sweep whatever lies upon that surface in one and the 
same direction. Thus, the cilia which are developed 
upon the epithelial cells, which line the greater part 
of the nasal cavities and the trachea, with its rami- 
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fications, tend to drive the mucus in which they work, 
outwards. 

In addition to the air-passages, cilia are found, in the 
human body, in a few other localities ; but the part which 
they play in man is insignificant in comparison with their 
function ip the lower animals, among many of which they 
become the chief organs of locomotion. 

3. The Structure of Unstriated Muscle. -Unstriated 
(also called “ plain ” or ‘‘ smooth ”) muscle occurs in the 
walls of the alimentary canal, the blood-vessels, the 
bladder, and other organs. It is composed of bands of 
fibres which are bound together by connective tissue 
carrying nerves and blood-vessels. The fibres are in 
reality elongated, flattened, spindle-shaped cells whose 



Fig. So.— a Fibre-cell from the Plain, Non-striated Muscular 
Coat of the fNTESTiNE. 

/, fibre ; n, nucleus ; p, granular protoplasm around the nucleus. 


length is about 50 /i inch) and width 6/x (400^ inch). 
Somewhere towards the middle of each cell there is an 
elongated oval or sometimes rod-shaped nucleus, sur- 
rounded by a small amount of granular protoplasm which 
is pointed at the ends of the nucleus. 

The substance of the cell is clear and shows no trans- 
verse striations, although it often shows signs of a very 
fine longitudinal fibrillation. Each cell is said to be 
surrounded by an extremely delicate sheath, but as to 
this, opinions differ. A number of such fibre-cells are 
united together by a minute quantity of cement, or 
intercellular substance, into a thin flat band, and a 
number of such bands are bound together by connective 
tissue into larger bands or bundles. Each fibre is capable 
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of contracting, that ^Is, of shortening and becoming at 
the same time thicker. 

4. The Structure of Striated Muscle. —Striated 
muscle is also made up of fibres, though the fibres are 
very different from the fibres or fibre-cells of unstriated 
muscle, and these fibres are again similarly ^ bound up 
together in various ways, by connective tissue which 
carries the blood-vessels and nerves, so as to form 
muscles of various shapes and sizes. ^ Each muscle 
is thus made up of (i) an external wrapping or peri- 
mysium ; this is a sheath of connective tissue from 
the inner face of which partitions proceed and divide 
the space which it incloses into a great nuinber 
of longitudinally disposed compartments ; (ii) the mus- 
cular fibres which occupy these compartments ; (iii) 
the vessels w^hich lie in the sheath and in the 
l)artitions l)etween the compartments, and thus sur- 
round the muscular fibres without entering them ; (iv) 
the motor nerves which also at first lie in the sheath 
and in the partitions between the compartments, but 
which eventually enter into the muscular fibres. 

The perimysinm forms a complete envelope around 
the muscle, which, when it is sufficiently strong to be 
dissected off, is known as a fascia ; at each end it 
usually terminates in dense connective tissue (tendon), 
which becomes continuous with the bone or cartilage to 
which the tendon is attached. The partitions given oft' 
from the inner surface of the perimysium form at first 
coarse compartments, inclosing large bundles, each con- 
sisting of a very great number of fibres. These large 
bundles are again divided by somewhat finer connective 
tissue partitions into smaller bundles, and these again 
into still smaller ones, and so on, the smallest bundles of 

^ It is necessary to distinguish “ muscle ” as an organ from “ muscle ” 
o-s a tissue. The biceps muscle (p. 304), for example, is an organ of a com- 
plicated character, of which muscular tissue forms only the chief consti- 
tuent. 
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all being composed of a number individual muscular 
fibres (Fig. 86). In this way the partitions become 
thinner and more delicate, until those which separate the 
chambers in which the individual muscular fibres are 
contained are reduced to little more than as much 
connective tissue as will hold the small nerves, arteries 
and veins and capillary networks together. As the 
perimysium consists of connective tissue, it may be 
destroyed by prolonged boiling in water. In fact, in 
“meat boiled to rags ” we have muscles which have been 



Fia. 86.— Fasciculi of Striated Muscle cut across. 

Several fasciculi /, bound together into larger fasciculi to make up the 
muscle. 


thus treated : the perimysial case is broken up, and the 
muscular fibres, but little attacked by boiling v:ater, are 
readily separated from one another. 

If a piece of muscle of a rabbit which has been thus 
boiled for many hours, is placed in a watch-glass with a 
little water, the muscular fibres may be easily teased out 
with needles and isolated. Such a fibre will be found to 
have a thickness of somewhere about 60ft inch) (they 
vary, however, a great deal), with a length of 30 or 40 
millimetres, Le., about inch. It is a cylindroidal or 
polygonal solid rod, which either tapers or is bevelled off 
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at each end. By thejib it adheres to those on each side of 
it ; or, if it lies at the end of a series, to the tendon. 

The structure and properties of striated muscvdar tissue 
in the histological sense means the structure and properties 
of these fibres. 

As we liave already liad occasion to remark.^, all tissues 
undergo considerable alteration in passing from the living 

B A 





Fie.. 87.— Capillaiues of Striatki) Muscle. 

A. Scoi) loiigiiudiiially. Tlio widtli of tlio meshes corresponds ti> tliat of 
an ultimate tibre. a, small artery ; b, small vein. 

B. Transvei-se section of striated muscle, tt, the cut ends of the ulti- 
mate fibre# ; b, capillaries filled with injection material ; v, parts where 
the capillaries are absent or not filled. 


to the dead state, but, in the case of muscle, the changes 
which the tissue undergoes in dying, are of such a marked 
character that the structure of the dead tissue gives a false 
notion of that of the living tissue. 

A living striated muscular fibre of a frog or a mammal 
is a pale transparent rod composed of a soft, flexible, 
elastic substance, the lateral contours of which, when the 

u 



290 


ELEMENTARY PHYkSIOLOOY 


LESS. 


fibre is A'iewed out of the body, a^ypear sharply defined, 
like those of a glass rod of the Stime size ; but when the 
fibre is observed in the living body, bathed in the lymph 
which surrounds it, the outlines are not so sharply de- 



FlO. 88.— I'O 1LLU.STRATE THE STRUCirRE Ot A >8TK1ATED MUSCJULAR 

Fibre. 

A. Fart of a muscular fibre (of a frog) seen in a natural condition. 
dim bands ; h, bright bands, with the granular line .seen in many of 
them; v, nuclei and the granular protoplasm belonging to them, very 
dimly seen. 

B. Portion of prepared mammalian muscular fibre teased out, showing 
longitudinal portions of variable (1, 2, 3, 4) thickness ; 4 represents the 
finest portion (fibrilla) which could be obtained ; d, dim bands ; h, bright 
bands, in the midst of each of which is seen the granular line‘£/. 

fined. In neither case can any distinct line of demarc- 
ation between a superficial layer and a deeper substance 
be recognised. The fibre appears transversely striped, as 
if the clear glassy substance were, at regular intervals 
(Fig. 88, A, d), converted into ground glass, thus appear- 
ing dimmer. ‘Each of these “dim bands” is about 2/x 
wide, and the clear space or “bright band” which 
separates every two dim bands is of about the same size, 
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or under ordinary Circumstances somewhat narrower. 
With a high power a very thin dark granular line e(][ui- 
distant from each dim band is discernible in each bright 
band, dividing the bright band into two. As these 
appearances remain when the object glass is focused 
through the whole thickness of the fibre, it fpllows that 
the dim bands, the granular lines, and the clear spaces on 
each side of each granular line, represent the edges of 
segments of different optical characters, which regularly 
alternate through the whole length of the fibre. Let the 
excessively thin segments, of which the thin granular 
lines represent the edges, be called (/, the thicker, pellucid 
segments of which the bright bands on each side of a 
granular line represent the edges, B ; and the thickest 
slightly opa(iue segments of which the ground glass like 
dim bands are the edges, D. Then the structure of the 
fibre may be represented by D. B. (j,B. I). B. <j.B. indefinitely 
repeated, and one inch of length of fibre will contain 
about 30,000 such segments, or alternations of structure. 

In a perfectly unaltered living fibre the striated sul>- 
stance presents hardly any sign of longitudinal striation ; 
but near to the surface of the fibre in mammalian muscle, 
though at various points in the depth of the fibre in the 
muscles of the frog, faint indications are to be observed 
of the existence of cavities each filled by a nucleus, 
surrounded by a small amount of protoplasm (Fig. 88, 
A, /t). 

As th^ muscular fibre dies it undergoes a rapid altera- 
tion : — (i) parallel longitudinal strim, often less than 2/z 
apart, appear, in greater or less numbers until sometimes 
the striated substance appears broken up into a mass of 
fine delicate fibres ; (ii) the dim bands become much more 
opaque, and hence the transverse striation appears better 
marked, until the dim bands may appear like sharply 
defined discs ; (iii) the nuclei accjuirc sharp irregular 
contours and become much more conspicuous, and (iv) 
especially under certain circumstances and after paiticular 

u 2 
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treatment, a tli|i|)f#lperficial lay^r becomes sharply 
separated from the deeper substance of the hbre as a 
membrane of glassy transparency, the sarcolemma, 
which ensheathes the striated and tibrillated substance. 

The bright bands and the granular lines, on the other 
hand, undergo little alteration. 

Under very high powers each granular line looks like a 
number of minute granules lying side 
by side as an extremely thin plate, 
the margins of w hich are attached to 
the sarcolemma ; it is often sjjoken 
of as Krause n utemhrane. 

If the sarcolemma of a dead hbre be 
torn with needles, the striated sub- 
stance breaks up in different ways 
according to the treatment to which 
the hbre has been previously subjected. 
It may break up into discs, each of 
which contains a dim band. Or it 
may break up into hbrils, each of 
w^hich presents the same segmentation 
as the whole hbre. These artihcial 
hbrils vary much in thickness accord- 
ing to mode of preparation and the 
skill of the operator ; they may some- 
times be obtained of exceeding hne- 
ne8s(Fig. 88, B). Transverse sections 
of muscular hbre, which have been 
frozen while perfectly fresh, present 
minute close-set circular dots, which appear to repre- 
sent the transverse sections of naturally existing longi- 
tudinal hbrils. These dots are known as Cohnheim’s 
areas. If the muscle subsbince is really in this 
case unaltered the only possible interpretation of the fact 
is that the hbre is really made up of hbrils, and that these 
are invisible in the living muscle on account of their 
having the same refractive power as the interhbrillar sub- 



Fj(., Si», — A Muscu- 
I.AR Kiure (of Froo) 
ENoixo IN Tendon. 

The striated niiiHcai- 
lav suhstaiicc, /a, has 
shrunk from the s;\r- 
eolemma, the fi- 
hrils of the tendon, 
t, being attached to 
the latter. 
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stance. But whether the finest artificial fibrils into which 
dead muscle may lie broken up arc identical with tliese 
apparently natural fibrils, it is not at jiresent certainly 
determined. Tn some cases the artificial fibrils seem 
smaller than the natural ones, as if the latter, like the 
fibre itself, w^ere capable of longitudinal cleava^ge. 

These are the most inpiortant structural appearances 
presented by ordinary striated muscle. But it may 
further be noticed that the dim bands exert a poweiful 
intliience on jiolarised light. Hence when a piece of 
muscle is placed in the field of a polarising microscope 
and the prisms are crossed so that the field is dark, these 
bands appear bright. The granular lines have a similar 
but very much less marked effect. 

In the embryo the place of the adult tissue is occupied 
by a ‘mass of closely a) iplied, imdifterentiated nucleated 
cells. As develo])ment proceeds, some of these cells are 
converted into the tissues of the j^erimysium, but othei’s 
increasing largely in size gradually elongate and take on 
the form of more or less spindle-shaped rods or fibres. 
Meanwhile the nucleus of each cell repeatedly divides, 
and thus each rod becomes provided with many nuclei, 
so that each fibre is really a multi-nucleate coll. Along 
with these changes the protoplasmic substance of the 
original cell becomes, for the most ])art, converted into 
the characteristically striated muscle substance, only a 
little reipaining unaltered around each nucleus as a muscle 
corpuscle. 

The many-nucleated cell thus changed into a muscular 
fibre is nourished by the fluid exuded from the adjacent 
capillaries, and it may be said to respire, insomuch as its 
substance undergoes shw oxidation at the expense of the 
oxygen contained in that fluid, and gives off carbonic 
acid. It is, in fact, like the other elements of the tissues, 
an organism of a peculiar kind, having its life in itself, 
but dependent for the permanent maintenance of that 
life upon the condition of being associated with other 
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such elementary organisms, through the intermediation of 
which its temperature and its supply of nourishment are 
maintained. 

The special property of a living muscular fibre, that 
wliich gives it its pliysiological importance, is its peculiar 
contractility. The body of a colourless blood cfu’puscle, 
as we have seen, is eminently contractile, insomuch as it 
undergoes incessant changes of form. But these changes 
take place at all points of its surface, and have no definite 
relation to the diameter of the corpuscle, while the 
contractility of the muscular fibre is manifested by a 
diminution in the length and a corresponding increase 
in the thickness of the fibre. Moreover, under ordinary 
circumstances, the change of form is efiected very rapidly, 
and only in conseciuence of the application of a stimulus. 

When a contracting striated fibre is observed under the 
microscope all the bands become broader (across the 
fibre) and shorter (along the fibre) anal thus more closely 
approximated. Some observers think that the clear 
bands are diminished in total bulk relatively to the dim 
liands ; but this is disputed by others. When the fibre 
relaxes again the bands return to their previous condition. 

5. The Chemistry of Muscle.— If a muscle taken 
perfectly fresh from the body be cooled down with ice in 
order to keep it from undergoing change (just as was pre- 
viously done with blood, p. 107) and subjected to consider- 
able pressure it yields a fluid called muscle plasma. 
This remains fluid so long as it is kept adequately 
cooled, but dots sponbineously at ordinary temperatures. 
The clotting takes place in a way very similar to that 
already described for blood-plasma and results in the 
formation of a semi-solid gelatinous substance, called 
myosin, and a small amount of fluid, or musole- 
serum. Myosin is a proteid and belongs to the same 
class of proteids as do the fibrinogen and paraglobulin of 
blood, namely the globidins. During the formation of 
myosin, the fluid, which when first squeezed out was 
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faintly alkaline, becomes distinctly acid owing to the 
hwmation of an organic acid called sarcolactic acid. 
At ;i longer or shorter time after death this clotting takes 
[)lace in the body within the muscles themselves. They 
liecome more or less opaque, and, losing their previous 
elasticity, set into hard, rigid masses, which, retain the 
form which they possess when the clotting commences. 
Hence the limbs become fixed in the position in which 
death found them, and the body passes into the condition 
of what is termed the “death-stiffening,” or rigor 
mortis. This stiffening is also accompanied by a change 
in the chemical reaction of the muscle, for while living 
muscle when tested with litmus is faintly alkaline or 
neutral, at least when at rest, it becomes distinctly acid 
as rUjoT mortis sets in. And it may be added that a 
similar but slighter acidity is developed even in a living 
muscle, when it contracts. 

After the lapse of a certain time the coagulated matter 
liquefies, and the muscles pass into a loose and flabby 
condition, which marks the commencement of putre- 
faction. 

It has been observed that the sooner rigoi' mortis sets 
in, the sooner it is over ; and the later it commences, the 
longer it lasts. The greater the amount of muscular 
exertion and consequent exhaustion before death, the 
sooner rigor mortis sets in. 

Rigor mortis evidently presents some analogies with 
the clotting of the blood, and the substance which is 
formed within the fibre (myosin) is in many respects not 
unlike fibrin. 

When a muscle is treated with dilute acids, such as 
hydrochloric acid, the myosin is changed into an entirely 
different kind of proteid, called syntonin. Before the 
nature of myosin was understood it was supposed that 
the substance of a muscle was chiefly composed of 
syntonin ; we now know that syntonin does not exist 
in a muscle but is entirely a product of the action of 
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acids on the myosin. Besides m/osin, muscle contains 
other varieties of proteid material about which we at 
luesent know little ; a variable ((uantity of fat ; certain 
inorganic saline matters, phosphates and potasli being, as 
is the case in the red blood-corpuscles, in excess ; find Ji 
hirge numl:jer of substances existing in small (juantities, 
find often classed together as “extractives.” Some of 
these extractives contain nitrogen ; the most important 
of this class is creatine, a crystalline body whicli 
is supposed to be the chief form in which nitrogenous 
waste matter leaves the muscle on its way to become 
urea. 

The other class of extractives contains bodies free from 
nitrogen, peiliaps the most important of wliich are 
sarcolactic acid and glycogen. 

Most muscles are of a deep, red colour ; this is due in 
part to the blood remaining in their vessels ; but only in 
part, for efich fibre (into which no capillary enters) lifis 
a reddish colour of its own, like a blood-corpuscle but 
fainter. And this colour is probably due to the fibre 
possessing a small quantity of that same Inemoghjbin in 
which the blood-corpuscles are so rich. 

6. The Phenomena of Muscular Contraction. — Every 
fibre in a muscle has the property, under certain con- 
ditions, of shortening in length, while it increases corre- 
spondingly in width, so that the volume of the libre 
remains unchanged. This property is called muscular 
contractility, and whenever, in virtue of this property, 
a muscle fibre contracts it tends to brituj its two ends 
closer totjether. Since a muscle is made up of a collection 
of these fibres, when the fibres contract the muscle as a 
whole also contracts ; it becomes shorter and thicker, and 
brings its two ends closer together, along with whatever 
may be fastened to those ends. By this action the 
muscles lead to the motion of the parts to which they are 
attached and by these motions give rise to locomotion. 

The condition which ordinarily determines the con- 
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ti'ciction of a miisculaf fibre is, the passage along the 
nerve ti))re, which is in close anatomical connection with 
the muscailar fibre, of a nerVOUS impulse, i.e., of a 
particular change in the substance of the nerve which is 
pro])agate(l from particle to particle along the fibre. The 
nerve fibre is thence called a motor fibre, bejcause, by 
its infiuence on a muscle, it becomes tiie indirect means 
of ])roducing motion (see Lesson XI.). 

The phenomena of muscular contraction may be con- 
veniently studied in the muscles from the calf of a frog's 
leg, which, since the frog is a “ cold-blooded ’’ animal, 
retains its powers of contracting fur some time after it is 
removed from the body. This inusele is called the 
gastrocnemius and may be dissected out so as to be 
still attached to a piece of the/cniur near the knee and to 
the nerve, the sciatic, which supplies it. This muscle 
as thus taken out of the body is known as a nmsde-nevi’e 
(h'vpavatmi (Fig. 90). 

The muscle may now be suspended by the femur and a 
weight hung on to the tendon at its lower end, and then 
made to contract by stimulating the sciatic nerve (see also 
Lesson XI.). 

When the nerve is stimulated by a stimulus which 
lasts as short a time as possible, as, for instance, by the 
momentary electric current often called an inducticm 
shock, the following changes take place in the muscle. 

(i) It becomes shorter and thicker, lifts the weight 
attached \o it and then relaxes, allowing the weight to 
fall again. The shortening and relaxing take place very 
rapidly, the whole process occupying rather more than 

of a second. 

(ii) The muscle may be enclosed in a small chamber 
and made to contract several times. If no\v w e examine 
the air in the chamber in which this eorciaed muscle has 
been contracting we cannot obtain satisfactory evidence 
of any escape of carbonic acid from the muscle during 
its contraction ; if carbonic acid is produced it must be 
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retained witliin the muscle, prestimably in the form of 
some simple chemical compound. That, however, the 
muscle in thin tho hod}/ does give off carbonic acid during 
its contraction is clearly shown by the fact that the venous 



m, the muscle, gastrocnemius of frog ; Sip.r, lower end of spinal column ; 
n, the sciatic nerve, all the branches being cut away excepting that 
supplying the muscle ; i\ the femur; cl. a clamp to hold the femur ; i.a, 
Achilles tendon. 


blood coming from a contracting muscle contains rela- 
tively more carbonic acid than it does when the muscle is 
at rest. The substance of the muscle may at the same 
time have become faintly acid as tested by litmus paper. 
The acidity is due to sarcolactic acid. 
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(iii) The muscle becomes slightly warmer ; this can 
only be due to the fact that heat is formed during the 
contraction. The rise of temperature is slight, ])ut may 
always be observed. 

(iv) The muscle undergoes certain electrical changes. 
At the moment of commencing contraction tl]o muscle 
])ocomes like a small battery cell, and can send an electric 
current through a wire whose ends are suitably applied to 
the surface of the muscle. ^ 

We have already more than once insisted on the fact 
tliat all the tissues of the body are continually taking uj) 
oxygen which they stow away in the form of some 
comp(Hind, since no oxygen can be extracted from them 
])y an air pump. In muscle this storage of oxygen leads 
to an instability of the contractile substance of which it is 
composed, so that when the appropriate stimulus is given 
to it, this unstable substance undergoes a sudden decom- 
position, almost explosive in its nature ; and the energy 
set free during the decomposition makes itself known 
partly as the work which the muscle can do in overcoming 
a resistance and partly as heat. This decomposition 
is accompanied by an electrical disturbance and the 
a])pearance of the products of decomposition. 

7. The Tetanic Contraction of Muscles.— When 
ex])erimenting with a muscle-nerve preparation, as in tluj 
])receding section, it is easy to stimulate the nerve twice 
in such rapid succession that the second stimulus is given 
while the muscle is in a state of contraction resulting 
from the first. In this case the muscle responds to the 
second stimulus as well as to the first ; in other words it 
contracts still more while already contracting. The 
second contraction takes place on top of the first, is 
rather less in amount than the first, and is added on to 
the first. If now a rapidly sv£cessire series of stimuli be 

^ See also Lesson XL, where the electrical changes of an active nerve, 
which are essentially the same as those of a contracting muscle, are 
described in greater detail. 
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applied to the nervx% the muscle Aasponds by an equally 
rapid series of contractions, each of which takes place 
before the preceding one is over ; the whole series is 
thus added together, and the muscle remains in a state of 
continued contraction as long as the stimuli are continued, 
until exhaustion sets in. A prolonged contraction made 
up of such a series of single contractions superadded to 
each other is called a tetanic contraction. The acidity 
and heat which are developed at a single contraction 
become much more obvious during a continued tetanic 
contraction. 

The voluntary contractions by which we execute the 
various movements of our body are in reality, in at 
all events nearly all cases, tetanic contractions, how- 
ever short they may appear to be. Thus when we 
contract one of our muscles by an effort of the will it 
appears that a series of impulses is sent out in rapid 
succession from the spinal cord, perhaps at the rate of 
twelve or more in a second, to throw the muscle into 
prolonged contraction. By this means our control of the 
resulting movement is far greater than it would be if we 
were only able to execute single, short and sudden con- 
tractions such as result,,, from sending a single impulse 
along the nerve going to%ie muscle. 

8. The Various Kinds of Muscles. — Muscles may be 
conveniently divided into two groups, according to the 
manner in which the ends of their fibres are fastened ; 
into muscles not attached to solid levers, and muscles 
attached to solid levers. 

Muscles not attached to solid Levers. — Under this 
head come the muscles which are appropriately called 
hollow muscles, inasmuch as they inclose a cavity or 
surround a space ; and their contraction lessens the 
capacity of that cavity, or the extent of that space. 

The muscular fibres of the heart, of the blood-vessels, 
of the lymphatic vessels, of the alimentary canal, of 
the urinary bladder, of the ducts of the glands, of 
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Uie iris of the eye, ari so arranged as to form hollow 
muscles. 

In the heart the muscular fibres which, though peculiar 
are striated, a)’e arranged in an exceedingly complex 
manner round the several cavities, and they contract, 
as we have seen, in a definite order. 

The iris of the eye is bke a curtain, in the middle of 
which is a circulai’ hole. The muscular fibres are of the 
smooth or unstriated kind (see p. 286), and they are 
disposed in two sets : one set ra^ating from the edges of 
the hole to the circumference of the curtain ; and the 
other set arranged in circles, concentrically with the aper- 
ture. The muscular fibres of each set contract suddenly 
and together, the radiating fibres necessarily enlarging the 
hole, the circular fibres diminishing it. 

•In the alimentary canal the muscular fibres are also of 
the unstriated kind, and they are disposed in two layers ; 
one set of fibres being arranged parallel with the length of 
the intestines, while the others are disposed circularly, or 
rather at right angles to the former. 

As has been stated above tp. 262), the contraction of 
these muscular fibres is successive ; that is to say, all the 
muscular fibres, in a given length of the intestines, do 
not contract at once, but those at one end contract first, 
and the others follow them until the whole series have 
contracted. As the order of contraction is, naturally, 
always the same, from the upper towards the lower end, 
the effect^f this peristaltic contraction is, as we have seen, 
to force any matter contained in the alimentary canal, from 
its upper towards its lower extremity. The muscles of 
the walls of the ducts of the glands have a substantially 
similar arrangement. In these cases the contraction of 
each fibre is less sudden and lasts longer than in the case 
of the heart. 

Mtuscles attached to definite levers. — The great 
majority of the muscles in the body are attached to 
j distinct levers, formed by the bones. In such bones as 




are ordinarily employed as levers, the osseous tissue is 
arraiui;ed in the form of a shaft (Fig. 91 d.), formed of a ^ 
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very dense and compact osseous matter, but often contain- 
ing a great central cavity (b) which is filled with a very 
delicate vascular and fibrous tissue loaded with fat called 
marrow. Towards the two ends of the bone, the 
compact matter of the shaft thins out, and is replaced by 
a much thicker but looser sponge-work of bony plates and 
fibres, which is termed the cancellous tissue of the 
bone. The surface even of this part, however, is still 
formed by a thin sheet of denser bone. 

At least one end of each of these bony levers is fashioned 
into a smooth, articular surface, covered with cartilage, 
which enables the relatively fixed end of the bone to play 
upon the corresponding surface of some other bone with 
which it is said to be articulated (see p. 317), or, contrari- 
wise, allows that other bone to move upon it. 

’It is. one or other of these extremities which plays the 
part of fulcrum when, the bone is in use as a lever. 

Thus, in the accompanying figure (Fig. 92) of the bones 
of the upper extremity, with the attachments of the biceps 
muscle to the shoulder-blade and to one of the two bones 
of the fore-arm called the radius, P indicates the point of 
action of the power (the contracting muscle) upon the 
radius. 

It usually happens that the bone to which one end of a 
muscle is attached is absolutely or relatively stationary ; 
while that to which the other is fixed is movable. In 
this case, the attachment to the stationary bone is termed 
the origin, that to the movable bone the insertion, of 
the muscle. 

The fibres of muscles are som^imes fixed directly into 
the parts which serve as their origins and insertions ; but, 
more commonly, strong cords or bands of fibrous tissue, 
called tendons, are interposed between the muscle 
proper and its place of origin or insertion. Wfien the 
tendons play over hard'surfaces, it is usual for them to be 
separated from these surfaces by sabs containing fluid, 
which are called bursse; or even to be invested by 
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synovial sheath's, i,e. quite covered for soTue distance by 
a synovial bag forming a double sheath, very much in the 
same way that the bag of the pleura covers the lung and 
the chest- wall. 

Usually, the direction of the axis of a muscle is that of 
a straight line joining its origin and its insertion. But in 
some muscles, as the superim' oblique muscle of the eye, 
the tendon passes over a pulley formed by ligament, and 



Fig. 92,— The Bones of the Uppee Exteemitf with the Biceps 
Muscle. 

The two tendons by which this muscle is attached to the scapula arc 
seen at a. P, indicates the attachment of the muscle to the radius, and 
hence the point of action of the power ; P, the fulcrum, the lower end of 
the humerus on which the upper end of the radius (together with the 
ulna; moves ; W, the weight (of the hand). 


completely changes its direction before reaching its inser- 
tion. (See Lesson IX.) 

Again, there are muscles which are fleshy at eacli end, 
and have a tendon in the middle. Such muscles are 
called digeifStric, or two- bellied. In the curious muscle 
which^^pulS down the lower jaw,, and especially receives 
this name of diyoMric, the middle tendon runs through a 
pulley connected with the hyoid bone ; and the muscle, 
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which passes downwafds and forwards from the skull to 
this pulley, after traversing it, runs upwards and forwards 
to the lower jaw (Fig. 93). 

9. The General and Minute Structure of Bone. A 

fresh long bone such as the femur and humerus of a 
rabbit, from which the attached muscles, tendons and 
ligaments have been carefully cleaned away, but the 
surface of which has not been scraped or otherwise in- 
jured, is an excellent subject for the study of bone. It is 
a hard tough body which is flexible and highly elastic 
within narrow limits, but readily breaks, with a clean 



Fig. 03. — The Course op the Digastric Muscle. 

D, its posterior belly *, D', its anterior belly ; between the two is the tendon 
passing through its pulley connected with Hy^ the hyoid bone. 


fracture, if it is pressed too far. The two articular ends 
are coated by a layer of cartilage which is thickest in the 
middle. Where the margins of the cartilage thin out a 
layer of vascular connective tissue commences, and ex- 
tending over the whole shaft, to the surface of which it is 
closely adherent, constitutes the periosteum. If the 
bone is macerated for some time in water, the periosteum 
may be stripped off in shreds with the forceps. Filaments 
pass from its inner surface into the interior of the bone. 
If the shaft is broken across it will be found to contain a 

1 The development of bone is described in Lesson XII. 


X 
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spacious medullary cavity filleci by a reddish, highly 
vascular mass of connective tissue, abounding in fat cells, 
called the medulla or marrow ; and a longitudinal 
section shows that this medullary cavity extends through 
the shaft, but in the articular ends becomes subdivided 
by bony partitions and breaks up into smaller cavities, 
like the areolae of connective tissue. These cavities are 
termed cancelli, and the ends of the bone are said to 
have a cancellated structure. The walls of the medullary 
cavity in the shaft are very dense, and exhibit no cancelli 
and appear at first to be solid throughout. But on 
examining them carefully with a magnifying glass it will 
])e seen that they are traversed by a meshwork of narrow 
canals, varying in diameter from 20ft to 100/x or more. 
The long dimensions of the meshes lie parallel with the 
axis of the shaft.i^ These are the Haversian canals. 
This system of Haversian canals opens by short communi- 
cating branches on the one hand upon the periosteal and 
on the other upon the medullary surface of the wall of the 
shaft ; and in a fresh bone, minute vascular prolongations 
of the periosteum and of the medulla respectively, may be 
seen to pass into the communicating canals and become 
continuous with the likewise vascular contents of the 
Haversian canals. Moreover, at one part of the shaft 
there is a larger canal through which the vessels which 
supply the medulla j>ass. This is the so-called nutritive 
foramen of the bone. At the two ends of the bone the 
cavities of the Haversian canals open into those of the 
cancelli ; and the vascular substance which fills the latter 
thus further connects the vascular contents of the 
Haversian canals with the medulla. 

Thus the bone may be regarded as composed of (i) an 
internal, thick, cylinder of vascular medulla ; (ii) an 
external,' hollow, thin, cylindrical sheath of vascular peri- 
osteum, completed at each end by a plate of articular 
cartilage ; (iii) of a fine, regular, long-meshed vascular 
network which connects the sides of the medullary 
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cylinder with the periosteal sheath of the shaft ; (iv) of a 
coarse, irregular vascular meshwork occupying at each end 
the space between the medullary cylinder and the plate 
of articular cartilage, and connected with the periosteum 
t f the lateral parts of the articular end ; (v) of the hard, 
perfect osseous tissue which fills the meshes of these two 
networks. Such is the general structure of all long bones 
with cartilaginous ends, though some, as the ribs, possess 
no wide medullary cavity, but are simply cancellated in 
the interior. In some very small bones even the cancelli 
are wanting. And there are many bones which have no 
connection with cartilage at all. 

If a bone is exposed to a red heat for some time in a 
closed vessel nothing remains but a mass of white “bone- 
earth,” which has the general form of the bone, but is 
very brittle and easily reduced to powder. It consists 
almost entirely of calcium phosphate and carbonate. On 
the other hand, if the bone is digested in dilute hydro- 
chloric acid for some time the calcareous salts are dissolved 
out, and a soft, flexible substance is left, which has the 
exact form of the bone, but is much lighter. If this is 
boiled for a long time it will yield much gelatin, and only 
a small residue will be left. Osseous tissue therefore 
consists essentially of an animal matter impregnated with 
calcium salts, the animal matter being collagenous like 
connective tissue. 

A sufficiently thin longitudinal section made by grinding 
down pjwt of the w^ of the medullary cavity of a bone — 
which has been well macerated in water and then 
thoroughly dried — if viewed as a transparent object with 
a magnifying glass, shows a series of lines, with dark 
enlargements at intervals, running parallel with the 
Haversian canals. If the section, instead of being longi- 
tudinal, were made transversely to the shaft, and there- 
fore cutting through the majority of the Haversian canals 
at right angles to their length, similar lines and dai’k 
spots would be seen to form concentric circles at regular 

X 2 
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intervals round each Haversian can;tl (Fig. 94). The hard 
bony tissue appears therefore to be composed of lamellee, 
which are disposed concentrically around the Haversian 
canals ; and a Haversian canal with the concentric 
lamelhn belonging to it form what is called a Haversian 
system. The soft substance from which the bone-earth 
has been extracted is similarly lamellated, and here and 
there presents fibres which may be traced into the fibrous 
substance of the periosteum. 

If a thin section of dry bone is examined with the 
microscope (Fig. 95), by transmitted light, each dark spot 
is seen to be a black body (of an average diameter of 
about 15/x) with an irregular jagged outline, and pro- 
ceeding from it are numerous fine dark lines which 
ramify in the surrounding matrix and unite with similar 
branched linos from adjacent black bodies. The matrix 
itself has a somewhat granular aspect. In a transverse 
section these black bodies are rounded or oval in form, 
but in a longitudinal section they appear almost spindle- 
shaped ; that is to say they are lenticular or lens-shaped ; 
but flattened as it were between the adjacent layers of 
the matrix. Examined by reflected light the same bodies 
look white and glistening ; and if the section instead of 
being examined dry, be boiled in water or soaked in strong 
alcohol, and brought under the microscope while still wet, 
the black bodies with their branching lines will be found 
to have almost disappeared, only faint outlines of them 
being left. At the same time minut^ bubbles of ' air will 
have escaped from the section. The black bodies seen in 
the dry bone are in fact “lacunee,” i.e. gaps, or holes in 
the solid matrix, appearing black by transmitted light 
and white by reflected light, because they are filled 
with air ; and the dark branched lines are similarly, 
minute canals, “ canalicilli,” also filled with air- 
bubbles, drawn out so to speak into lines, also 
hoUowed out of the solid matrix, and placing one lacuna 
in communication with another. In each Haversian 
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Fkj. 1)4.— Transverse Section of Comfact Bone. 

a, laiiicllac concentric with the external surface ; h, lamellae c(mcciitric 
with the medullary surface ; c, section of Haversian canals ; r', section 
of a Haversian canal just dividing into two ; d, intersystem ic lamellae. 
Low magnifying powder. 
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system the canaliculi, and the lacmut! of the innermost 
layer or that nearest the Haversian canal communicate 
with it, while the canalicnll and the lacuna’ of the outer- 
most layer communicate only with those of the next inner 
layer. Hence the lacuna’ and mnaMculi compose a 



Fi'i. 95.— Tuansverse Sectiov of Bone, hiouly ma(;mfied (300 

DIAMETERS). 

H, Haversian canals ; I, lacunse with canaliculi. 


mesh work of canals, which is peculiar to each Haversian 
system, and by which the nutritive plasma exuded from 
the vessels in the canal of that system irrigates all the 
layers of bone which belong to the system. 

A very thin section of perfectly fresh bone exhibits no 
dark bodies, inasmuch as the lacunoe and canaliculi con- 
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tain no air, but are permeated with the nutritive fluid. 
Each lacuna moreover, at all events in young bone, 
contains a nucleated cell, which is altogether similar in 
essential character to a connective tissue or cartilage 
corpuscle, and if the term were not already misused 
might be called a “bone corpuscle.” In fact, in 
ultimate analysis the essential character of bone shows it- 
self to be this : tliat it is a tissue anab^gous to cartilage and 
connective tissue in so far as it consists of cells separated 
by much intercellular substance ; and that it differs from 
them mainly in the fact that calcareous matter is deposited 
in and associated with the intercellular substance in such 
a way as to leave minute imcalcilied }>assages (the candli- 
chU), which open into the larger uncalcified intervals (the 
lacn)Uf;\ in the neighbourhood of the cells. 

’ The function of these passages is doubtless to allow of 
a more thorough j^ermoation of the calcified tissue hy tlio 
nutritive fluids than could f/ako jdaco if the calcareous 
deposit were continuous, and it is probjible that, in an 
ordinary bone, there is no ])article Ig s<piare wliicli is not 
thus brought within reach of a minute streamlet (fi 
nutritive plasma. 

This circumstance enables us to understand that w hicli 
(mo would hardly suspect from the appearance of a bone, 
namely, that, throughout life, or, at all events, in early 
life, its tissue is the seat of an extremely active vital 
process. The permanence and apparent passivity of the 
Ijone ai*b merely the algebraical summation of the contrary 
processes of destruction and reproduction which are 
going on in it. 

If a young j)ig is fed with madder, its bones will be 
found after a time to be dyed red. The madder dye, in 
fact, getting into the blood, permanently dyes tlie tissue 
with which it meets in its course through the bones. 13ut 
if the pig is fed for a time with madder, and is 
then deprived of it, the amount of colour to be found in 
the bones depends on the time which elapses before the 
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pig is killed. And it is not that tlte colouring matter is 
merely, as it were, washed out ; the dye is permanent, 
but the bones nevertheless become parti-coloured. In the 
shaft of a long bone, for instance, a certain time after 
feeding with madder, a deep red layer of bone in 
the middle of thickness of its wall will be found 
to have colourless bone on its medullary and on its perio- 
steal face. And the longer the time which has elapsed 
since the feeding with madder, the more completely 
will the deep red bone be replaced and covered up ])y 
colourless bone. 

10. The Mechanics of Motion. The System of 
Levers. — To understand the action of the bones, as levers, 
properly, it is necessary to possess a knowledge of the 
different kinds of levers and be able to refer the various 
combinations of the bones to their appropriate lever- 
classes. 

A lever is a rigid bar, one part of which is absolutely 
or relatively fixed, while the rest is free to move. Some 
one point of the movab% part of the lever is set in 
motion by a force, in order to communicate more or less 
of that motion to another point of the movable part, 
which presents a resistance to motion in the shape of a 
weight or other obstacle. 

Three kinds of levers are enumerated by mechanicians, 
the definition of each kind depending upon the relative 
positions of the point of support, or fulcrum ; of the 
point which bears the resistance, weight, or other 
obstacle to be overcome by the force ; and of the jjoint 
to which the force, or power employed to overcome the 
obstacle, is applied. 

If the fulcrum be placed between the power and the 
weight, so that, when the power sets the lever in motion, 
the weight and the power describe arcs, the concavities 
of which are turned towards one another, the lever is said 
to be of the first order. (Fig. 96, I.) 

If the fulcrum be at one end, and the weight be between 
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it and the power, so th*t weight and power describe con- 
centric arcs, the weight moving through the less space 
when the lever moves, the lever is said to be of the 
second order. (Fig. 96, IT.) 

And if, the fulcrum being still at one end, the jx)werbe 
between the weight and it, so that, as in the former case, 
the j^ower and weight describe concentric arcs, but 
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hi 


Fid. 00. 

The upper three figures represent the three kinds of levers ; the lower, 
the foot, when it takes the character of each kind.— W, weight or resist- 
ance ; F, fulcrum ; P, power. 


the power moves through the less space, the lever is of 
the third order. (Fig. 96, III.) 

In the human body the following parts present ex- 
amples oi^ levers of the first order. 

(a) The skull in its movements ui)on the atlas, as 
fnlcnvm. 

(h) The pelvis in its movements upon the heads of the 
thigh-bones, as fidcrvm. 

(<•) The foot, when it is raised, and the toe taj)ped on 
the ground, the ankle-joint being fulcrum. (Fig. 96, I.) 

The positions of the weight and of power are not 
given in either of these cases, because they are reversed 
according to circumstances. Thus, when the face is being 
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depressed, the power is applied iiV front, and the weight 
to the back part, of the skull ; but when the face is being 
raised, the power is behind and the weight in front. The 
like is true of the pelvis, according as the body is bent 
forward, or backward, upon the legs. Finally, when 
the toes,, in the action of tapping, strike the ground, the 
power is at the heel, and the resistance in tlie front of the 
foot. But when the toes are raised to repeat the act, 
the power is in front, and the weight, or resistance, is at 
the heel, being, in fact, the inertia and elasticity of the 
muscles and other parts of the back of the 1(^. 

But in all these cases, the lever remains one of the first 
class, because the fulcrum, or fixed point on which tlie 
lever turns, remains between the power iind the weight, or 
i»©sistance. 

The following are three examples of levers of the 
second order 

(d) The thigh-bone of the leg which is bent up towards 
the body and not used, in the action of hopping. 

For, in this case, the fulcrum is at the hip-joint. The 
power (whi(;h may be assumed to be furnished by the 
thick muscle^ of the front of the thigh) acts upon the 
knee-cap ; and the position of the weight is represented 
by that of the centre of gravity of the thigh and leg, 
which will lie somewhere between the end of the knee 
and the hip. 

(h) A rib when depressed by the rectus muscle of the 
abdomen, in expiration. 

Here the fulcrum lies where the rib is articulated with 
the spine ; the power is at the sternum — virtually the 
opposite end of the rib ; and the resistiince to be over- 
come lies between the two. 


1 This muscle, called rerina, is attached ;ihove to tlie haniich-bolie atid 
below to the knec-cax3 (Fig. 0, 2, ji. 19). The latter bone is couiicctcd l)y 
a strong ligament with the iihki. 

- This muscle lies in the front abdominal wall on each side of ibc 
middle line. It is attached to the sternum above and to the front of the 
pelvis below (Fig. (5, S). 
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(r) The raising of the body upon the toes, in standing 
on tiptoe, and in the first stage of making a step forwards. 
(Fig. 90, II.) 

Here the fulcrum is the ground on which the toes rest ; 
the power is applied by the muscles of the calf to the 
heel (Fig. 0, T.) ; the resistance is so much of the weight 
of the bod}^ as is borne by the ankle-joint of the foot, 
which of course lies between the heel and the toes. 

Three examples of levers of the third order are— 

(a) The spine, head, and pelvis, considered as a rigid 
bar, which has to be kept erect ujxm the hip-joints. 

(Fig- «■) 

Here the fulcrum lies in the hip-joints, the Aveight is 
high above the fulcrum, at the centre of gravity of the 
head and trunk ; the power is supjdied by the extensor 
muscles (Fig. 6, 2) in the front of, or the flexor muscles 
(Fig. b, 11.) at the back of, the thigh, and acts upon points 
com])aratively close to the fulcrum. 

{h) Flexion of the forearm upon the arm by the biceps 
muscle, when a weight is held in the hand. 

In this case, the weight being in the hand and the ful- 
crum at the elbow-joint, the power is applied at the point 
of attachment of the tendon of the biceps, close to the 
latter. (Fig. 92.) 

(c) Extension of the leg on the thigh at the knee-joint. 

Here the fulcrum is the knee-joint ; the weight is at 
the centre of gravity of the log and foot, somewhere be- 
tween the knee and the foot ; the poiver is ajiplied by the 
muscles 'in front of the thigh (Fig. 6, 2 and Fig. 97), 
through the ligament of the knee-cap, or patella, to the 
tibia, close to the knee-joint. 

In studying the mechanism of the body, it is very im- 
portant to recollect that one and the same ]iart of the 
body may represent each of the three kinds of levers, 
according to circumstances. Thus it has been seen that 
the foot may, under some circumstances, represent a lever 
of the first, in others, of the second, order. But it may 



316 


ELEMENTARY PHYSIOLOGY 


LESS. 


become a lever of the third order; as when one dances a 
weight resting upon the toes, up and down, by moving 
only the foot. In this case, the fulcrum is at the ankle- 
joint, the w^eight is at the toes, and the })ower is furnished 
by the extensor muscles at the front of the leg (Fig. 6, 1), 



Fig. 97.— The right Knee-joint. The Outer Half of the FEiiUR 
AND Patella sawn away. 

/cm. femur; juil. patella; id), tibia; Jd>. fibula; cap?, capsule cf joint; 
I, crucial ligaments ; r, semilunar flbro-cartilages ; e, tendon of extensor 
muscle. 


which are inserted between the fulcrum and the weight. 
(Fig. 96, III.) 

11. The Joints of the Body,- -It is very important that 
the levers of the body should not slip, or work unevenly, 
when their movements are extensive, and to this end they 
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are connected together iii such a manner as to form strong 
and definitely-arranged joints or articulations. 

Joints may be classified into imperfect and perfect. 

(a) Imperfect joints are those in which the conjoined 
levers (bones or cartilages) present no smooth surfaces, 
capable of rotatory motion, to one another, but are con- 
nected by continuous cartilages, or ligaments, and have 
only so much mobility as is permitted by the flexibility of 
the joining substance. 

Examples of such joints as these are to be met with in 
the vertebral column - the flat surfaces of the bodies of 
the vertebne being connected together by thick plates of 
very flexible fibro-cartilage, which confer upon the whole 
column considerable play and springiness, and yet prevent 
any great amount of motion between the several vertebrie. 
Iir the, pelvis (see Plate, Fig. YI. and Fig. 4), the pubic 
bones are united to each other in front, and the iliac 
bones to the sacrum behind, by fibrous or cartilaginous 
tissue, which allows of only a slight play, and so gives the 
pelvis a little more elasticity than it ^vould have if it w^ero 
all one bone. 

(h) In all perfect joints, the opposed bony surfaces 
wJiich move upon one another are covered with cartilage, 
and between them is placed a sort of sac, wdiich lines 
these cartilages, and, to a certain extent, forms the side 
walls of the joint ; and which, secretiiig a small quantity 
of viscid, lubricating fluid — the synovia — is called a 
synovial membrane. 

The opposed surfaces of these articnlar cartilages, as 
they are called, may be spheroidal, cylindrical, or pulley- 
shaped ; and the convexities of the one answer, more or 
less completely, to the concavities of the other. 

Sometimes, the two articular cartilages do not come 
directly into contact, but are separated by independent 
plates of cartilage, which are termed inter-articnlar. The 
opposite faces of these inter-articular cartilages are fitted 
to receive the faces of the proper articular cartilages. 
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While these co-adapted surfaQis and synovial inein- 
branes provide for the free mobility of the bones entering 
into a joint, the nature and extent of their motion is 
defined, partly by the forms of the articular surfaces, 
and partly by the disposition of the ligaments, 
or firm, fibrous cords which pass from one bone to the 
other. 

As respects the nature of the articular surfaces, joints 
may be what are called ball and socket joints, when 
the spheroidal surface furnished by one bone plays in a 
cup furnished by another. In this case the motion of the 
former bone may take place in any directiem, but the 
extent of the motion depends upon the shape of the cup 
— being very great when the cup is shallow, and small in 
proportion as it is deep. The shoulder is an example of 
a ball and socket joint with a shallow cup (Fig. 5, B) ; the 
hip, of such a joint with a deep cup (Fig. 98). 

Hinge-joints are single or double. Tu the former 
case, the nearly cylindrical head of one bone fits into a 
corresponding socket of the other. In this form of hinge- 
joint the only motion possible is in the direction of a plane 
perpendicular to the axis of the cylinder, just as a door 
can only be made to move round an axis passing through 
its hinges. The elbow is the best example of this joint in 
the human body, but the movement here is limited, be- 
cause the olQUran64l, or part of the ulna which rises up 
behind the humerus, prevents the arm being carried back 
behind the straight line ; the arm can thus be bent to, or 
straightened, but not bent back (Fig. 99). The knee 
(Fig. 97) and ankle present less perfect specimens of a 
single hinge- joint. 

A double hinge-joint is one in which the articular sur- 
face of each bone is concave in one direction, and convex 
in another, at right angles to the former. A man seated 
in a saddle is “ articulated ” with the saddle by such a 
joint. For the saddle is concave from before backwards, 
and convex from side to side, while the man presents to it 
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the concavity of his legs astride, from side to side, and 
the convexity of his seat, from before backwards. 

The metacarpal ])one of the thumb is articulated with 



Fin, D.S,— A Section of the Hip-joint taken througii the Acetabulum 
OR Articular Cup of the Pelvis and the middle of the head and 

NECK OF THE ThIGH-BONK. 

L. T, Ligamenturn teres, or round ligament. The spaces marked with 
au inten'upted line ( - — ) represent the articular cartilages. The cavity 
of the synovial membrane is indicated by the dark line between these, 
and, as is shown, extends along the neck of the femur beyond the limits 
of the cartilage. The peculiar shape of the pelvis causes the section to 
have the remarkable outline shown in the cut. This will be intelligible 
if compared with Fig. VI, in the plate. 


the bone of the wrist, called trapezium, by a double hinge- 
joint. 

A pivot-joint is one in which one bone furnishes an 
axis, or pivot, on which another turns ; or itself turns on 
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its OAvn axis, resting on anothtn: bone. A remarkable 
example of the former arrangement is afforded by the 
atlas and axis, or two uppermost vertebrae of the neck 
(Fig. 100). The axis possesses a vertical peg, the so-called 
odontoid process (/>), and at the base of the peg are two, 



Fig. 99 .~ Longitupinai. and Vertical Section through the 
Elbow-joint. ' 

humerus ; Ul. ulna ; Ti\ the triceps muscle, which extends the arm, 
Bi, the biceps muscle, which flexes it. ’ 

obliquely placed, articular surfaces (a). The atlas is a 
ring-like bone, with a massive thickening on each side. 
The inner side of the front of the ring plays round the 
neck of the odontoid peg, and the under surfaces of the 
lateral masses glide over the articular faces on each side 
of the base of the peg. A strong ligament passes between 
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the inner sides of the Pwo lateral masses of the atlas, and 
keeps the hinder side of the neck of the odontoid peg 
in its place (Fig. 100, A). By this arrangement, the atlas 
is enabled to rotate through a considerable angle either 
way upon the axis, without any danger of falling forwards 
or backwards — accidents which would immediately destroy 
life by crushing the spinal cord. 

The lateral masses of the atlas have, on their upper 
faces, concavities (Fig. 100, A, a) into which the two con- 
vex, occipital condyles of the skull fit, and in which they 



Fig. 300. 

A. The atlas viewed from above ; a a, upper articular surfaces of its 
lateral masses for the condyles of the skull ; b, the peg of the axis 
vertebra. 

Ih Side view of the axis vertebra ; a, articular surface for the lateral 
mass of the atlas ; b, 5)eg or odontoid process. 


play upward and downward. Thus the nodding of the 
head is effected by the movement of the skull upon the 
atlas ; while, in turning the head from side to side, the 
skull does not move upon the atlas, but the atlas slides 
round the odontoid peg of the axis vertebra. 

The second kind of pivot-joint is seen in the forearm. 

If the elbow and forearm, as far as the wrist, are made 
to rest upon a table, and the elbow is kept firmly fixed, 
the hand can nevertheless be freely rotated so that either 
the palm, or the back, is turned directly upwards. When 
the palm is turned upwards, the attitude is called 

Y 
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Si;^nation (Fig. 101, A) ; when dhe back, pronation 
(Fig. 101, B). . 

The forearm is composed of two bones ; one, the ulna, 
which articulates with the humerus at the elbow by the 
hinge-joint already described, in such a manner that it can 




B A 

Fig. 101 . 

The bones of the light forearm in supination (A) and pronatlon (B). 
//, humerus ; it, radius ; ulna. 


move only in flexion and extension (see p. 318), and has no 
power of rotation. Hence, when the elbow and wrist are 
rested on a table, this bone remains unmoved. 

But the other bone of the forearm, the radius, has its 
small upper end shaped like a very shallow cup with thick 
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edges. The hollow of ftie cup articulates with a spheroidal 
surface furnished by the humerus : the lip of the cup, 
with a concave depression on the side of the ulna. 

The large lower end of the radius bears the hand, and 
has, on the side next the ulna, a concave surface, which 
articulates with the convex side of the small lower end of 
that bone. 

Thus the upper end of the radius turns on the double 
surface, furnished to it by the pivot-like ball of the humer- 
us, and the partial cup of the ulna ; while the lower end 
of the radius can rotate round the surface furnished to it 
by the lower end of the ulna. 

In s'iipination^ the radius lies parallel with the ulna, 
with its lower end to the outer side of the ulna (Fig. 101, 
A). In pronation, it is made to turn on its own axis 
above,* and round the ulna below, until its lower half 
crosses the ulna, and its lower end lies on the inner side 
of the ulna (Fig. 101, B). 

The ligaments which keep the mobile surfaces of bones 
together are, in the case of ball and socket joints, strong 
fibrous capsules which surround the joint on all sides. In 
hinge- joints, on the other hand, the ligamentous tissue is 
chiefly accumulated, in the form of lateral ligaments, 
at the sides of the joints. In some cases ligaments are 
placed within the joints, as in the knee, where the bundles 
of fibres which cross obliquely between the femur and the 
tibia are called crucial '" ligaments (Fig. 97, 1) ; or, as 
in the hip, where the round ligament passes from the 
bottom of the socket, or acetabulum of the pelvis to 
the ball furnished by the head of the femur (Fig. 98). 

Again, two ligaments pass from the apex of the odontoid 
peg to both sides of the margin of the occipital foramen, 
t.e. the large hole in the base of the skull, through which 
the spinal cord passes to join the brain ; these, from their 
function in helping to stop excessive rotation of the skull, 
are ^Ued cb^ck ligaments (Fig. 102, a). 

In one joint of the body, the hip, the socket or aceta** 

Y 2 
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bulum (Fig. 98) fits so closely to iSie head of the femur, 
and the capsular ligament so completely closes its cavity 
on all sides, that the pressure of the air must be reckoned 
among the causes which prevent dislocation. This has 
been proved experimentally by boring a hole through the 
floor of the acetabulum, so as to admit air int(3 its cavity, 
when the thigh-bone at once falls as far as the round and 
capsular ligaments will permit it to do, showing that it 
was previously pushed close up by the pressure of the 
external air. 

12. The Various Movements of the Body. The 

different kinds of movement which the levers thus con- 
nected are capable of performing are called flexion and 
extension; abduction and adduction; rotation 
and circumduction. 

A limb is flexed^ when it is bent ; extended, when it is 
straightened out. It is abducted, when it is drawn away 
from the middle line ; adducted, when it is brought to the 
middle line. It is rotated, when it is made to turn on its 
own axis ; circumducted, when it is made to describe a 
conical surface by rotation round an imaginary axis. 

N 0 part of the body is capable of perfect rotation like 
a wheel, for the simple reason that such motion would 
necessarily tear all the vessels, nerves, muscles, &c., which 
unite it with other parts. 

Any two bones united by a joint may be moved one 
upon another in, at fewest, tw^' difierent directions. In 
the case of a pure hinge-joint, these directions must be 
opposite and in the same plane ; but, in all other joints, 
the movements may be in several directions and in 
various planes. 

In the case of a pure hinge- joint, the two practicable 
movements — viz. , flexion and extension — may be effected 
by means of two muscles, one for each movement, and 
running from one bone to the other, but on opposite sides 
of the joint. When either of these mu8cle|^ contracts, it 
will pull its attached ends together, and bend dr straighten, 
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as the case may be, the joint towards the side on which 
it is placed. Thus the biceps muscle is attached, at 
one end, to the shoulder-blade, while, at the other end, 
its tendon passes in front of the elbow- joint to the radius 
(Figs. 92 and 99, Bi) : when this muscle contracts, there- 
fore, it bends, or flexes, the forearm on the arili. At the 
back of the joint there is the triceps (Tr, Fig. 99) : when 



The vertebral column in the upper part of the neck laid open to show, 
a, the check ligaments of the axis ; b, the broad ligament which extends 
from the front margin of the occipital foramen along the hinder faces of 
the bodies of the vertebrje; it is cut through, and the cut ends turned 
back to show, c, the special ligament which connects the point of the 
“ odontoid ” peg with the front margin of the occipital foramen ; 7, the 
atlas ; II, the axis. 


this contracts, it straightens, or extends, the forearm on 
the arm. 

In the other extreme form of articulation — the ball and 
socket joint — movement in any number of planes may be 
effected, by attaching muscles in corresponding number 
and direction, on the one hand, to the bone which affords 
the socket, and on the other to that which furnishes the 
head. Circumduction will be effected by the combined 
and successive contraction of these muscles. 
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13. The Mechanics of Locomotion.— -We may now 

pass from the consideration of the mechanism of mere 
motion to that of locomotion. 

When a man who is standing erect on both feet pro- 
ceeds to tvalky beginning with the right leg, the body is 
inclined, so as to throw the centre of gravity forward ; 
and, the right foot being raised, the right leg is advanced 
for the length of a step, and the foot is put down again. 
In the meanwhile, the left heel is raised, but the toes of 
the left foot have not left the ground when the right foot 
has reached it, so that there is no moment at which both 
feet are off the ground. For an instant, the legs form 
two sides of an equilateral triangle, and the centre of the 
body is consequently lower than it was when the legs 
were parallel and close together. 

The left foot, however, has not been merely dragged 
away from its first position, but the muscles of the calf, 
having come into play, act upon the foot as a lever of the 
second order, and thrust the body, the weight of which 
rests largely on the left astragalus, upwards, forwards, and 
to the right side. The momentum thus communicated to 
the body causes it, with the whole right leg, to describe an 
arc over the right astragalus, on which that leg rests 
below. The centre of the body consequently rises to its 
former height as the right leg becomes vertical, and 
descends again as the right leg, in its turn, inclines 
forward. 

When the left foot has left the ground, the body is 
supported on the right leg, and is well in advance of the 
left foot ; so that, without any further muscular exertion, 
the left foot swings forward like a pendulum, and is carried 
by its own momentum beyond the right foot, to the 
position in which it completes the second step. 

When the intervals of the steps are so timed that each 
swinging leg comes forward into position for a new step 
without any exertion on the part of the walker, walking 
is eJffected with the greatest possible economy of force. 
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And, as the swinging leg is a true pendulum— the time of 
vibration of which depends, other things being alike, 
upon its length (short pendulums vibrating mbre quickly 
than long^ ones), — it follows that, on the average, the 
natural step of short-legged people is quicker than that 
of long-legged ones. 

In rnnniiKj, there is a period when both legs are off the 
ground. The legs are advanced by muscular contraction, 
and the lever action of each foot is swift and violent. 
Indeed, the action of each leg resembles, in violent 
running, that which, when both legs act together, consti- 
tutes a jfoiip, the sudden extension of the legs adding 
to the impetus, which, in slow walking, is given only by 
the feet. 

. 14. The Mechanism of the Larynx. -Perhaps the 
most’ singular motor apparatus in the body is the lar\j)hx^ 
by the agency of which voice is produced. 

The essential conditions of the production of the human 
voice are : — 

(a) The existence of the so-called vocal cords. 

(h) The parallelism of the edges of these cords, without 
which they will not vibrate in such a manner as to give 
out sound. 

(c) A certain degree of tightness of the vocal cords, 
without which they will not vibrate ([uickly enough to 
produce sound, . 

(d) The passage of a current of air between the parallel 
edges of the vocal cords of sufficient power to set the 
cords vibrating. 

The larynx is a short tubular box opening above into 
the bottom of the pharynx and below into the top of 
the trachea. Its framework is supplied by certain carti- 
lages more or less movable on each other, and these are 
connected together by joints, membranes, and muscles. 
Across the middle of the larynx is a transverse partition, 
formed by two folds of the lining mucous membrane, 
stretching from either side, but not quite meeting in the 
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middle line. They thus leave, in tlie middle line, a chink 
or slit, running from the front to the back, called the 
g’lottis. The two edges of this slit are not round and 
flabby, but sharp and, so to speak, clean cut ; they are 
also strengthened by a quantity of elastic tissue, the fibres 
of which are dispf)sed length- 
ways in them. These sharp 
free edges of the glottis are the 
so-called vocal cords, or vocal 
I i game) its. 

The thyroid cartilage (Fig. 
103, Th) is a broad plate of 
gristle bent upon itself into a V 
shape, and so disposed that the 
point of the Y is turned forwards, 
and constitutes what is com- 
monly called “Adam’s apple.” 
Above, the thyroid cartilage is 
attached l)y ligament and mem- 
brane to the hyoid bone (Fig. 
103, Hg). Below and behind, 
its broad sides are produced 
into little elongations or horns, 
which are articulated by liga- 
ments with the outside of a 
great ring of cartilage, the 
cricoid (Fig. 103, 0/*), which 
forms, as it were, the top of the 
windpipe. 

The o'icoid ring is much 
higher behind than in front, and 
a gap, filled up by membrane only, is left between its 
upper edge and the lower edge of the front part of the 
thyroid, when the latter is horizontal. Consequently, the 
thyroid cartilage, turning upon the articulations of its 
horns with the hinder part of the cricoid, as upon hinges, 
can be moved up and down through the space occupied by 



Diagram of the larynx, the 
thyroid cartilage {Tk) being 
supposed to be transparent, 
and allowing the right ary- 
tenoid cartilage {Ar), vocal 
cords (F), and thyro-aryte- 
noid muscle (ThA), the upper 
part of the cricoid cartilage 
(Or), and the attachment of 
the epiglottis (/ip) to be seen. 
C.th, the right crico thyroid 
muscle ; Tr, the trachea ; 
Hi/, the hyoid bone. 
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this iiienibrane ; or, if flie thyroid cartilage is fixed, the 
cricoid cartilage moves in the same way upon its articula- 
tions with the thyroid. When the thyroid moves down- 
wards or the cricoid upwards, 
the distance between the front 
part of the thyroid cartilage 
and the back of the cricoid is 
necessarily increased ; and when 
the reverse movement hikes 
place the distance is diminished. 

There is, on each side, a large 
muscle, the crico-thyroid, 
wliich passes from the outer 
side of the cricoid cartilage 
obli(iuely u])wards and back- 
wards ‘to the thyroid, and pulls 
the latter down ; or, if the 
thyroid is fixed, pulls the cricoid 
uj) (Fig. 103, C.ih). 

Perched side by side upon 
the u])[)er edge of the back })art 
of the cricoid cartilage are twc? 
small irregularly-shaped but, 
roughly speaking, pyramidal 
cartilages, the arytenoid car- 
tilages (Fig, 105, ^ny). Each 
of thesy is articulated by its 
base with the cricoid cartilage 
by means of a sliallow joint 
which permits of very varied 
movements, and especially al- 
lows the front portions of the two arytenoid cartilages to 
a])proach, or to recede from, each other. 

It is to the forepart of one of these arytenoid cartilages 
that the hinder end of each of the two vocal ligaments is 
fastened ; and they stretch from these points horizontally 
across the cavity of the larynx, to be attached, close to- 



FlO. 104.~VEliTICAL AND 
TrANSVEKSK SK( 'TION 

THROUUTl THE li^RYNX, 
TOE IIINDEK HALF OF 
WHICH IS REMOVED. 

Ji)). Epiglottis ; T/i. thy- 
roid cartilage ; a, cavities 
called the rcn tricks of 
laryrix above the vocal liga- 
ments (F); X the right 
thjTo-arytenoici muscle cut 
across ; CV. the cricoid car- 
tilage. 
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gether, in the re-entering angle of the thyroid cartilage 
rather lower than half-way between its top and bottom. 

Now when the arytenoid cartilages diverge, as they do 
when the larynx is in a state of rest, it is evident that the 
aperture of the glottis will be V-shaped, the point of the 
V being forwards, and the base behind. 

For, in front, or in the angle of the thyroid, the two 



Fi(}. 105 ,— The parts subroundino the Glottis partially lissectkd 

AND VIEWED FROM ABOVE. 

Th. the thyroid cartilage ; Cr. the cricoid cartilage ; V, the edges of the 
vocal ligaments hoimding the glottis; Arif, the a^tcnoid cartilages; 
Th.A, thyro-aryteiioid ; C.a.l. lateral crico-aryteiioid ; C.a.jg^ posterior 
crico-arytenoid ; Ar.p, posterior arytenoid mnscles. 

vocal ligaments are fastened permanently close together, 
whereas, behind, their extremities will be separated as far 
as the arytenoids, to which they are attached, are separated 
from each other. Under these circumstances a current 
of air passing through the glottis produces no sound, the 
parallelism of the vocal cords being wanting ; whence it 
is that, ordinarily, expiration and inspiration take place 
quietly. Passing from one arytenoid cartilage to the 
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other, at their posterior surfaces are certain muscles 
called the posterior arytenoid (Fig. 105, Ar.p.). 
There are also two sets of muscles connecting each 
arytenoid with the cricoid, and called from their positions 
respectively the posterior and lateral crico-ary- 
tenoid (Fig. 105, C.a.p. C.a.L). By the more or less 
separate or combined action of these muscles, the 
arytenoid cartilages, and especially the front part of these 
cartilages and, consequently, the hinder ends of the vocal 
cords attached to them, may be made to approach or 
recede from each other, and thus the vocal cords rendered 
parallel or the reverse. 

We have seen that the crico-thyroid muscle pulls the 
thyroid cartilage down, or the cricoid cartilage up, and 
thus increases the distance between the front of the 
tliyroiVl and the back of the cricoid, on which the 
arytenoids are seated. This movement, the arytenoids 
being fixed, must tend to pull out the vocal cords 
lengthways, or in other words to tighten them. 

Running from the re-entering angle in the front part 
of the thyroid, backward, to the arytenoids, alongside the 
vocal cords (and indeed imbedded in the transverse folds, 
of which the cords are the free edges) are two strong 
muscles, one on each side (Fig. 105, Th.A.), called 
thyro-arytenoid. The effect of the contraction of 
these muscles is to pull up the thyroid cartilage after it 
has beeij depressed by the crico-thyroid muscles, (or to 
pull down the cricoid after it has been raised,) and conse- 
quently to slacken the vocal cords. 

Thus the parallelism (b) of the vocal cords is deter- 
mined chiefly by the relative distance from each other of 
the arytenoid cartilages ; the tension (c) of the vocal cords 
is determined chiefly by the upward or downward move- 
ment of the thyroid or cricoid cartilage ; and 'both these 
conditions are dependent on the action of certain muscles. 

The current of air (d) whose passage sets the cords 
vibrating is supplied by the movements of expiration, 
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which, when the cords are sufficient!}^ parallel and tense, 
produce that musical note which constitutes the voice, but 
otherwise give rise to no audible sound at all. 

15. The Voice. — Voice consists simply of the sound, 
or musical note, which results from the vibration of the 



Fig. lOG. 

I. View of the human larynx from above as actually seen by the aid of 
the instrument called the laryngoscope ; A, in the condition when voice 
is being produced ; B, at rest when no voice is produced. 

e. Epiglottis (foreshortened). 

c.r. The vocal cords. 

c.v.s. The so-called false vocal cords, folds of mucous membrane lying 
above the real vocal cords, 

a. Elevation caused by the arytenoid cartilages. 

8.10. Elevations caused by small cartilages connected with the ary- 
tenoids. 

L Root of the tongue. 

II. Diagram of the same. 


vocal cords:’ Other things being alike, the musical note 
will be low or high, according as the vocal cords are 
relaxed or tightened : and this again depends upon the 
relative predominance of the contraction of the crico- 
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thyroid and thyro-ary^enoid muscles. For when the 
thyro-arytenoid muscles are fully contracted, the thyroid 
cartilage will be raised, relatively to the cricoid, as far as 
it can go, and the vocal cords will be rendered relatively 
lax ; while, when the crico-thyroid muscles are fully 
contracted, the thyroid cartilage will be depressed, 
relatively to the cricoid, as much as possible, and the 
vocal cords will be made more tense. 

If, while a low note is being sounded, the tip of the 
finger be placed on the crico-thyroid space (which can 
li)e felt, through the’ikin, beneath the lower edge of the 
thyroid cartilage), and a high note be then suddenly pro- 
duced, the crico-thyroid space will be found to be narrowed 
by the approximation of the front edges of the cricoid and 
thyroid cartilages. At the same time, however, the whole 
laryn^^ is, to a slight extent, moved bodily upwards and 
thrown forwards, and the cri^id has a particularly dis- 
tinct upward movement ; this movement of the whole 
larynx must be carefully distinguished from the motion 
of the thyroid relatively to the cricoid. 

The range of any voice depends upon the difterence of 
tension which can be given to the vocal cords, in these 
two positions of the thyroid cartilage. Accuracy of 
singing depends upon the precision with which the singer 
can voluntarily adjust the contractions of the thyro- 
arytenoid and crico-thyroid muscles — so as to give his 
vocal cords the exact tension at which their vibration 
will yield the notes required. 

The quality of a voice — treble, bass, tenor, &c. — on 
the other hand, depends upon the make of the particular 
larynx, the primitive length of its vocal cords, their 
elasticity, the amount of resonance of the surrounding 
parts, and so on. 

Thus, men have deeper notes than boys and women, 
because their larynxes are larger and their vocal cords 
longer— whence, though equally elastic, they vibrate less 
swiftly. 
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16. Speech. — Speech is voice lAodulated by the throat, 
tongue, and lips. Thus, voice may exist without speech ; 
and it is commonly said that speech may exist without 
voice, as in whispering. This is only true, however, if 
the title of voice be restricted to the sound produced by 
the vibration of the vocal cords ; for, in whispering, there 
is a sort of voice produced by the vibration of the 
muscular walls of the lips which thus replace the vocal 
cords. A whisper is, in fact, a very low whistle. 



fiG. 107. 

Diagram of a model illustratii^ the action of the levers and muscles of 
the larynx. The stand and vertical pillar represent the cricoid and 
arytenoid cartilages, while the rod {b c), moving on a pivot at c, takes the 
place of the thyroid cartilage ; a 6 is an elastic liand rep esenting the 
vocal ligament. Parallel with this runs a cord fastened at one end to the 
rod b c, and, at the other, passing over a pulley to the weight B. This 
represents the thyro-arytcnoid muscle. A cord attached to the middle of 
b c, and passing over a second pulley to the weight A, represents the 
crico-thyroid muscle. It is obvious that when the bar (6 r) is ptilled down 
to the position c d, the elastic band (a b) is put on the stretch. 

The 'modulation of the voice into speech is effected by 
changing the form of the cavity of the mouth and nose, 
by the action of the muscles which move the walls of 
those parts. 

Thus, if the pure vowel sounds — 

E (as in he), A (as in hay), A' (as in ah), 

0 (as in or), 0' (as in oh), 00 (as in cool), 
are pronounced successively, it will be found that they 
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may be all formed out o5» the sound produced by a con- 
tinuous expiration, the mouth being kept open, but the 
form of its aperture, and the extent to which th^ lips are 
thrust out or drawn in so as to lengthen or shorten the 
distance of the orifice from the larynx, being changed for 
each vowel. It will be narrowest, with the lips most 
drawn back, in E, widest in A\ and roundest, with the 
lips most protruded, in 00. 

Certain consonants also may be pronounced without 
interrupting the current of expired air, by modification of 
the form of the throat and niouth. 

Thus the aspirate, H, is the result of a little extra 
expiratory force — a sort of incipient cough. S and Z, Sh 
and J (as in jugular— G soft, as in gentrif)^ Th, L, JK, 

F, may likewise all be produced by continuous currents of 
air’ forced through the mouth, the shape of the cavity of 
which is peculiarly modified by the tongue and lips. 

All the vocal sounds hitherto noted so far resemble one 
another, that their production does not involve the 
stoppage of the curi’ent of air which traverses either of the 
modulating passages. 

But the sounds of M and N can only be formed by 
blocking the current of air wMch passes through the 
niouth, while free passage is left through the nose. For 
Af, the mouth is shut by the lips ; for by the application 
of the tongue to the palate. 

The other consonantal sounds of the English language 
are produced by shutting the passage through both nose 
and mouth ; and, as it were, forcing the expiratory vocal 
current through the obstacle furnished by the latter, the 
character of which obstacle gives each consonant its 
peculiarity. Thus, in producing the consonants B and F, 
the mouth is shut by the lips, which are then forced open 
in this explosive manner. In T and i>, the mouth pas- 
sage is suddenly barred by the application of the point of 
the tongue to the teeth, or to the front part of the palate ; 
while in K and G (hard, as in go) the middle and back of 
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the tongue are similarly forced c-gaiiist the back part of 
the palate. 

An artificial larynx may be constructed by properly 
adjusting elastic bands, which take the place of the vocal 
cords ; and, when a current of air is forced through these, 
due regulation of the tension of the bands will give rise to 
all the notes of the human voice. As each vowel and 
consonantal sound is produced by the modification of the 
length and form of the cavities, which lie over the natural 
larynx, so, by placing over the artificial larynx chambeis 
to which any requisite shape can be given, the various 
letters may be sounded. It is by attending to these facts 
and principles that various speaking machines have been 
constructed. 

Although the tongue is credited with the responsibility 
of speech, as the ‘‘unruly member,” and undoubtedly 
takes a very important share in its production, it is not 
absolutely indispensable. Hence, the apparently fabulous 
stories of people who have been enabled to speak, after 
their tongues had been cut out by the cruelty of a tyrant, 
or persecutor, may be quite true. 

Some years ago I had the opportunity of examining a 
person, whom I will call Sdr. R., whose tongue had been 
removed as completely as a skilful surgeon could perform 
the operation. When the mouth was widely opened, the 
truncated face of the stump of the tongue, apparently 
covered with new mucous membrane, was to be seen, 
occupying a position as far back as the level of the an- 
terior pillars of the fauces. The dorsum of the tongue 
was visible with difficulty ; bnt I believe I could discern 
some of the circumvallate papillae upon it. None of these 
were visible upon the amputated part of the tongue, 
which had been preserved in spirit ; and which, so far as 
I could judge, was about inches long. 

When his mouth was open, Mr. R. could advance his 
tongue no further than the position in which I saw it ; 
but he informed me that, when his mouth was shut, 
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the stump of the tongue could be brought much more 
forward. 

Mr. R. 's conversation was perfectly intelligible ; and 
such words as thinks the, cow, kill, were well and clearly 
pronounced. But tin became Jin; tack, fade or pad:; 
toll, pool; dog, thog ; dine, rine; dew, thew ; cat, cat/; 
mad, rnadf; goose, gooth ; big, })ig, hidi, pick, with a 
guttural eh. 

In fact, only the pronunciation of those letters the for- 
mation of which requires the use of the tongue was affected ; 
and, of these, only the two which involve the employment 
of its tip were absolutely beyond Mr. R.’s power. He 
converted all t's, and d's inb) f’s, p\'i, or tKs. Th was 
fairly given in all cases ; s and sh, I and r, with more or 
less of a lisp. Initial g's and Us were good ; but final g\^ 
were all more or less guttural. In the former case, the 
imperfect stoppage of the current of air by the root of the 
tongue was of no moment, as the sound ran on into that 
of the following vowel ; while, when the letter was ter- 
minal, the defect at once became apparent. 


12 
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SENSATIONS AND SENSOEY OEGANS 
1. Movement the Result of Reflex Action.— The 

agent by which all the motor organs (except the cilia) 
described in the preceding Lesson are sot at work, is 
muscular fibre. But, in the living body, muscular fibre 
is, as a rule, made to contract by a change which , takes 
place in the motor or efferent nerve, which is dis- 
tributed to it. This change again is generally effected by 
the activity of the central nervous system, with which 
the motor nerve is connected. The central organ is 
thrown into activity, directly or indirectly, by the in- 
fluence of changes which take place in nerves, called 
sensory or afferent, which are connected, on the one 
hand, with the central organ, and, on the other hand, 
with some other part, usually on the surface, of the body. 
Finally, the alteration of the afferent nerve is itself pro- 
duced by changes in the condition of the part of the body 
with which it is connected ; which changes usually result 
from external impressions brought to bear on that part. 

Sometimes the central organ enters into a state of 
activity without our being able to trace that activity to 
any direct influence of changes in afterent nerves ; the 
activity seems to take origin in the central organ, and the 
movements to which it gives rise are called “sponta- 
neous,” or “ voluntary.” Putting these cases on one side, 
it may be stated that a movement of the body, or of a 
part of it, is to be regarded as the effect of an influence 
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(technically termed a ctimulus) applied directly, or in- 
directly, to the ends of afferent nerres, and giving rise to a 
modification of the condition of the particles or molecules 
which form the substance of the nerve fibres, be., to a 
molecular change, which is propagated from molecule 
to molecule along the fibres to the central nerrous system 
with which these are connected. The molecular activity 
of the afferent nerve sets up changes of a like order in the 
fibres and cells of the central organ ; from these the dis- 
turbance is transmitted along the motor 'nerves^ which pass 
from the central organ to certain muscles. And, when 
the disturbance in the molecular condition of the eflTerent 
nerves reaches the endings of those nerves in muscular 
fibres, a similar disturbance is communicated to the sul)- 
stance of the muscular fibres, whereby, in addition to the 
production of certain other phenomena to some of wdiich 
reference has already been made (Lesson VII.), the parti- 
cles of the muscular substance are made to take up a new 
position, so that each fibre shortens and becomes thicker, 
and a movement ensues. Thus, for instance, if we un- 
inteiitionally i)rick one of our fingers or touch some very 
hot object the hand is jerked away almost before we are 
aware of what has happened. 

Such a series of molecular changes as that just described 
is called a reflex action : the disturbance in the afferent 
nerves caused by the irritation being as it were reflected 
back, along the efferent nerves, to the muscles. But the 
name is* not a good one, since it seems to imply that the 
molecular changes in the afferent nerve, the central organ, 
and the efferent nerve are all alike, and differ only in 
direction ; whereas there is reason to think that they differ 
in many ways. 

The several structures necessary for the carrying out of 
a muscular contraction, resulting in movement, in the 
way we have described may be made clear by the following 
diagram. 

The stimulus is applied to a sensory surface {S ) ; the 

z 2 
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change thus set up is propagated a molecular disturb- 
ance (or impulse) along the sensory (afferent) nerve, a.f. 
to c, a part of the central nervous system (the spinal 
cord). The changes which then take place in c result in 
the setting up of a molecular disturbance in the motor 
(efferent nerve), e.f., which is conveyed outwards along 
that nerve to the muscle usually on the same side of 
the body. Sometimes the impulse is sent out along a 
motor nerve to some muscle on the opposite side of 
the body. 



Fig. 108 .— Diagram to illustrate the Paths of Reflex Action. 

Sp.r, spinal cord. S, some sensory surface ; a.f, afferent or sensory 
nerve ; c, central connection in nervous system ; c.f, e.f, efferent or motor 
fibres ; Ml, M'^, muscles. The arrows show the directions in which the 
impulses travel. 


2. Sensations and Consciousness. —A reflex action 
may take place without our knowing anything about it, 
and hundreds of such actions are continually going on in 
our bodies without our being aware of them. But it very 
frequently happens that we learn that something is going 
on, when a stimulus affects our afferent nerves, by having 
what we call a feeling or sensation. We class sensa- 
tions along with encLotions and volitions, and 
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thoughts, under tlfe common head of states of 
consciousness. But wliat consciousness is we know 
n(jt ; and how it is that anything so remarkable as a state 
of consciousness comes about as the result of irritating 
nervous tissue, is just as unaccountable as any other ulti- 
mate fact of nature. 

Sensations are of very various degrees of definiteness. 
Some arise within ourselves, we knt)w not how or where, 
and remain vague and undefinable. Such are the sensa- 
tions of 'imcomfariahlpnpss^ of faintness, of faiujiip^ or of 
rpdlpssnPSH. We cannot assign any particular place to 
these sensations, which are very probably the result of 
atfections of the afterent nerves in general brought about 
1)y the state of the Idood, or that of the tissues in which 
they are distributed. And however real these sensations 
may be, and however largely they enter into the sum 
of our pleasures and pains, they tell us absolutely nothing 
of the external world. They are not only diffuse, but they 
are also subjective sensations. 

3. The Special Senses. — In the case of other sen- 
sations, each feeling arises out of changes taking place in 
a definite part of the body, is produced by a stimulus 
applied to that part of the body, and cannot be produced 
by stimuli applied to f)ther parts of the body. Thus the 
sensations of taste and smell are confined to certain 
regions of the mucous membrane of the mouth and nasal 
cavities those of sight and hearing to the particular 
parts <»f the body called the eye and the ear ; and those of 
touch, though arising over a much wider area than 
the others, are nevertheless restricted to the skin and to 
some j)ortions of the membranes lining the internal cavities 
of the body. Any portion of the body to which a sen- 
sation is thus restricted is called a sense-organ. 

It may be here remarked that in the case of the sensa- 
tion of touch, the simple feeling of contact is accompanied 
by information, not only as to what sense-organ, but also 
as to what part of that sense-organ, is being affected. 
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When we touch a hot or a rofigh body with the tip 
of a finger, we are aware not f>nly that we are dealing 
with a hot or a rough })ody, but also that the hot or rough 
body is in contact with the tip of the finger ; we ‘‘refer,” 
as is said, the sensation to that part of the tip of the finger 
which is being acted upon by the body in cpiesti(Ui. With 
the other sensations the case is different. When we smell a 
bad smell, though we know that we smell by the nose, we 
do not consider that the smell arises in the nose ; we con- 
clude that there is some object outside ourselves which is 
causing the bad smell. We refer the origin of the sensa- 
tion to some external cause, and that even when tlie sen- 
sation is after all due to changes taking j)lace in the nose 
itself independently of external objects, as in the un- 
pleasant odours which accompany certain diseases of the 
nose. Similarly all our sensations of sight and of hearing 
are referred to external objects ; and even in the case of 
taste, when a lump of sugar is taken into the mouth, we 
are simply aware of a sensation of sweetness and do not 
associate that sensation of sweetness with any particular 
part of the mouth, though, by the sense of touch, which the 
inside of the mouth also possesses, we can tell pretty ex- 
actly whereabouts in the mouth the melting lump is lying. 

4. The General Plan of a Sense-organ. - In these 
sensations, thus arising in special sense-organs, and hence 
often spoken of as “ special ” sensations, each sensation or 
feeling results from the application of a particular kind of 
stimulus to its appropriate sense-organ ; and, in each 
case, the structure of the sense-organ is arranged in such a 
manner as to render that organ peculiarly sensitive to its 
appropriate stimulus. 

Thus the sensations of sight are brought about by the 
action of the vibrations of the luminiferous ether ; and the 
eye, or sense-organ of sight, is constructed in such a way 
that rays of light which falling on any other part of the 
body produce no appreciable effect, give rise to vivid 
sensations when they fall upon it. 
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Further we may, wiMi more or less completeness, dis- 
tinguish in each sense-organ two parts : an essential part, 
through which the agent producing the sensation (be it 
light, a series of sonorous vibrations, a sapid or odorous 
chemical substance, a change in temperature, or a varia- 
tion in pressure), produces changes in certain structures 
which are peculiarly associated with the delicate termina- 
tions of the nerve distributed to the sense-organ ; and an 
accessory part, not absolutely necessary to the sense 
but of great usefulness inasmuch as it assists in bringing 
the agent to bear, in the most eflicient way, upon the 
essentidl part. In the case of the eye and ear this acces- 
sory part is extremely complicated, and indeed seems to 
form the greater part of the whole sense-organ ; in the 
case of the other senses it is much more simple. 

The essential part of each sense-organ is in turn com- 
jiosed of minute organs, which upon examination appear 
to be in reality modified epithelial cells ; and the delicate 
terminations of the nerve filaments distributed to the 
sense-organ may, with more or less distinctness, be traced 
to these modified cells, in which indeed they seem to end. 
These minute organs, these modified epithelial cells, may 
be spoken of as sense-organules ; they serve as inter- 
mediators in each case between the physical agent of the 
sensation and the sensory nerve. The physical agent is 
by itself unable to produce in the fibres of the sensory 
nerve tliose changes which, reaching the brain as nervous 
impulse?;, give rise to the s])ecial sensations. Thus, as we 
shall presently see, rays of light falling upon the optic 
nerve cannot give rise to a sensation of sight. The physical 
agent must act first on the sense-organules, and these in 
turn act upon the filaments of the nerve. Thus light 
falling upon the sense-organules, situated in that essential 
part of the eye called the retina, sets up changes in them, 
these changes set up corresponding changes in the delicate 
nerve filaments which with the sense-organules go to 
make up the retina, and the changes in the nerve filaments 
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propagated along the optic nerv^e #to the brain give rise, 
in the latter, to sensations of sight. 

Hence in the essential part of each sense-organ we have 
to distinguisli between the sense-organiiles, /.c., the modi- 
fied epithelium, and the terminal exj3ansion of tlie sensory 
nerve ; and further, in each sense-organ, there is added to 
this essential part a more or less complicated accessory 
part. 

Lastly, in all these special sensations, there are certain 
j)henomena which arise out of the structure of the sense- 
organ, and others which result from the operation of the 
central apparatus of the nervous system upon the materials 
supplied to it by the sense-organ. 

5. The Skin as a Sense-Organ.— The sense <>f touch 
(including that of pressure, heat and cold and pain) is 
possessed, more or less acutely, by all parts of the free 
.surface of the body, and by the walls of the mouth and 
nasal passages. 

Whatever part possesses this sense consists of a mem- 
brane (integumenbiry or mucous) composed of n deep 
layer made up of fibrous tissue containing a capillaiy 
network, and of a superficial layer consisting of epithelial 
or epidermic cells, among which are no vessels. 

Wherever the sense of touch is delicate, the deep layer 
is not a mere flat expansion, but is raised up into multi- 
tudes of small, close-set, conical elevations (see Fig. 57, 
p. 191), which are called papillae. In the skin, the coat 
of epithelial or epidermic cells does not follow the’ contour 
of these papillaB, but dips down between them and forms a 
tolerably even coat over them. Thus, the points of the 
papillee are much nearer the surface than the general 
plane of the deep layer whence these pa}>illm proceed. 
Loops of vessels enter the papilhe, and sensory nerve - 
fibres are distributed to them. In some cases the nerve- 
fibre ends in a papilla in a definite organ, in what is called 
a tactile corpuscle, or in a similar body called an 
end-bulb. Each of these organs consists essentially of 
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an ON al or rounded sweMing formed by a modification and 
(uilargcment of the delicate connective tissue ensheathing 
the nerve-fibre ; in the middle of the SNvelling the nerve- 
fibre itself ends abruptly in a peculiar manner. These 
bodies are especially found in the papilla) of those 
localities which are endowed with a very delicate sense of 
touch, as in the tips of 
the fingers, the point of 
the tongue, Ac. ; and the 
pa[)ilhe which contain tac- 
tik^ cor})uscles generally 
contain few or no blood- 
V(‘ssels. 

Tactile corpuscles 
occur most numerously 
in the .])a])ilhe of the skin 
of the ])almar surface of 
the hand, especially of 
the finger-tips ; they are 
also ])rcsent, but much 
less numerously, on the 
}»lantar surfaces of the 
skin of the toes, and are 
commonest on jiarts of 
the skin where there is 
no hair. Each corpuscle 
forms an elongated, bulb- 
ous swefling about 75/x 
(..^0 inch) in length at 
the end of the nerve-fibre 
to which it is attached, 
and lies with its long axis pointing to the top of the 
papilla. The corpuscle consists of a sheath or capsule of 
connective tissue inside of which are some nucleated cells 
intermixed with connective tissue derived from the outer 
sheath. The ners^e which supplies the corpuscle ap- 
proaches it at its side, winds once or twice round it and 



Fig. 100.— Tactile CoRrrsci.K th- 

in A FArU.l.A OF THE SKIN OF 
THE Hand (Ranmer). 

v.7t, two iicrvc fiUroH passing to 
tlio corpuscle ; a. a, viiricose termina- 
tions of the nerve fibres inside the 
corpuscle. 



346 


ELEMENTARY PHYSIOLOGY 


LESS. 


then enters the body of the cor^iuscle, where it divides 
into a nnniber of branches which end in a manner not as 
yet exactly determined. 

End bulbs are found in the papilbe of the skin of the 
lips and in other situations. They are spheroidal and 
smaller (40/i in diameter) than the tactile eori)Uscles. 
They are not all exactly alike, Init the commonest form 
consists of a thin outer sheath or ca])sule which is 
nucleated and encloses a mass of polygonal cells. The 

nerve-fibre enters the caf>- 
side and ends among the 
cells in its interior. 

The great majority, how- 
ever, of the nerve-fibres 
going to the skin do not end 
in any such definite organs. 
They divide in the dermis in- 
to exceeding delicate minute 
filaments, the course and 
ultimate terminations of 
which are traced with the 
greatest difficulty. Some of 
the finest filaments, however, 
])as8 into the epidermis and 
are there lost among or pos- 
sibly connected with some 
of the epidermic cells, especially those of the lower 
layers. 

Another kind of highly specialised nerve-ending is 
found on the branches of the nerves which supply the skin 
of the hand and foot, as they pass through the sub- 
cutaneous tissue. These are known as Pacinian cor- 
puscles, called after Pacini, who first carefully described 
them. From their position they are not, strictly speaking, 
sensory endings of nerves in the skin ; but they possess 

1 The conjunctiva is the mucous membrane which lines the eyelids and 
front of the eyeball. 



Fio. 110 .-— End-bulb from the 
Human Conjunctiva i (Long- 
worth). 


a, the nerve-fibre ; h, capsule 
with nuclei ; c.c, portions of 
nerve-fibre inside tlie ciid-bulb ; 
d.e, cells of the <;ore. 
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undoubtedly some senst>ry functions, although we do not 
know what these may be. 



Pio. 111. — A Pacinian Corpuscle from a Cat’s Mesentery. 
(IIanvibr.) 

w, nerve-fibre, passing through the core m, and terminating at a. 


The Pacinian corpuscles are long, oval, bulbous 
structures of considerable size, averaging of an inch in 
length. They are thus easily visible to the naked eye. 
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Each corpuscle consists of an ell^ngated central core of 
glassy-looking material in Avhich the axis of the nerve is 
embedded and terminates. The core is surrounded by 
some 30 to 40 capsules made of connective tissue, and 
placed one outside the other like the layers of an ordinary 
onion. 

It is obvious, from what has been said, that no direct 
contact takes place between a body which is touched 
and the sensory nerve, — a thicker or thinner layer of 
epithelium, or o])idermis, being situated l)etwcen the 
two. In fact, if this layer is removed, as when a surface 
of the skin has been blistered, contact wnth the raw' 
surface gives rise to a sense of pain, not to one of toucli 
properly so called. Thus, in touch, the ]>art of 

the sense-organv consists either of cerbiin epithelial or 
epidermic cells of the general integument or of certain 
structures contained in the tactile corpuscles, end ])\ilbs, 
and other similar organs which Jieed not be considered 
here. These epithelial cells, very slightly modified 
apparently in the general skin, but more so in the tactile 
corpuscles and end bulbs, are the sense-organulcs ; they 
serve as intermediators between the physical agent — 
pressure — and the terminal filaments of the sensory 
nerves. The accessory part of the sense-organ of touch 
is very slightly developed, being chiefly supplied by the 
variable number and form of the papillm and the variable 
thickness and character of the layers of epidermic cells. 

(i) The Sensation of Pressure. — Mere contact of 
a single object with the skin exerts a pressure on it 
which results in a stimulation })y means of which we 
become aware that something is touching us. The i)ower 
of discriminating pressure and its differences we may call 
the sense of pressure. The sensitiveness of the various 
regions of the skin in responding to pressure varies, and 
the difference may be measured for each part of the skin 
by determining either what the least weiglit is which can 
be just felt when allowed to rest on that part, or else by 
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determining the least diference in weight which can be 
distinguished between two weights laid in succession on 
the same spot. Experimenting in this way it may be 
shown that the sense of pressure is most acute oil the 
skin (jf tlie forehead and of the back of the hand. The 
scMise is less acute in the skin i)f the finger tips. Careful 
investigation seems to show, with ljut little doubt, that 
some points on the skin of any part are peculiarly sensi- 
tive to pressure. Hence ’^^e may perhaps speak of 
“ pressure spots'^ in the same way that we do of ‘‘ heat 
spots ” and “ cold spots.” 

(ii) The Sensations of Heat and Cold. — The feel- 
ing of Avarmth, or cold, is the result of an excitation 
of sensory nerves distributed to the skin, which are 
possibly distinct from those which give rise to the sense 
of* touch. And it would appear that the heat must be 
transmitted through the epidermic or epithelial layer, to 
give rise to this sensation ; for, just as touching a naked 
nerve, or the trunk of a nerve, gives rise only to pain, so 
heating or cooling an exposed nerve, or the trunk of a 
nerve, gives rise not to a sensation of heat or cold, but 
simply to pain. Thus, if the elbow be dipped into a 
mixture of ice and salt, the cold first affects the skin of 
the elbow, giving rise to a sensation of cold at the elbow, 
but afterwards attficks the trunk of the ulnar nerve, 
which at the elbow lies not very far beloAv the skin ; and 
this latter effect is felt as a sensation, not of cold, but of 
pain. The pain, moreover, thus caused is not felt in the 
trunk of the nerve at the elbow, where the cold is acting, 
but in the parts where the fibres of the nerve end, more 
particularly in the little and ring fingers. 

Again, the sensation of heat, or cold, is relative rather 
than absolute. Suppose three basins be prepared, one 
filled with ice-cold water, one with water as hot as can 
be borne, and the third with a mixture of the two. If 
the hand be put into the hot-water basin, and then 
transferred to the mixture, the latter will feel cold ; but 
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if the hand be kept a while in^the ice-cold water, and 
then transferred to the very same mixture, this will feel 
warm. 

Like the sense of touch, the sense of warmth varies in 
delicacy in different parts of the body. The cheeks are 
veiy sensitive, more so than the lips ; the palms of the 



Fig. 112. —Outlines of Heat Spots and Cold Spots. (After 
Goldscheider.) 

The heat spots arc cross-hatched and dark, the cold spots are dotted 
and light. In some jjlaces the heat siiots and cold spots overlap each 
other. 


hands are more sensitive to heat than their backs. Hence 
a washerwoman holds her flat-iron to her cheek to test 
the temperature, and one who is cold spreads the palms 
of his hands to the fire. 

The differences in the sensitiveness of the skin to heat 
and cold at various points may be readily determined by 
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touching the several points with the blunt end of a wire 
whose temperature can be kept constant at any desired 
degree. In tliis way it is found that S(^me points respond 
to heat but not to cold, others to cold but not to heat, 
so that we meet with “heat spots” and “cold spots.” 
The accompanying figure shows the distribution of these 
s]K)ts in a small area of the skin of the thigh. 

(iii) The Sensation of Pain. — Pain may be regarded 
as the result of an excessive stimulation of any of the 
nerve endings Avhich are concerned in giving rise to 
sensations. Pain also results from stimulating the trunks 
of the nerves leading from those endings to the central 
nervous system. In the latter case the pain is “referred ” 
outwards to the end of the nerve, as in the experiment of 
cooling the elbow, described above. The nerves of any 
])aTt may thus give rise to pain. From this it might 
appear that we can scarcely speak of any distinct and 

► sejiarate “sense” of pain. But there are certain facts 
whicli show that sensations of pain are probably distinct 
from, though ultimately mixed up with, other sensations. 
II1US in many diseases of the nervous system, such as 
locomotor ataxy, the sensitiveness of the skin to touch • 
may be almost entirely wanting, while pain is readily felt. 
Further, observation shows that the impulses giving rise 
to pain, as also those resulting from heat and cold, pass 
along the spinal cord on their way to the brain by paths 
which are distinct from those which convey the impulses 
resulting •from mere touch. 

(iv) The Iiocallsation of Tactile Sensations. — Certain 
very curious phenomena appertain to the sense of touch ; 
some of these are probably in part due to varying 
anatomical arrangements, to the varying thickness of the 
epidermis, and to the abundance or scantiness of special 
end-organs. Not only is tactile sensibility to a single im- 
pression much duller in some parts than in others — a cir- 
cumstance which might in many cases be accounted for by 
the different thickness of the epidermic layer — but the 
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power of distinguishing double sin?ultaneous impressions is 
very different. Thus, if the ends of a jwiii' of compasses 
(which should be blunted with pointed pieces of cork) are 
separated by only one-tenth or one-twelfth of an inch, 
they will be distinctly felt as two, if applied to the tips 
of the fingers ; whereas, if applied to the back of the 
hand in the same way, only one impression will be felt ; 
and, on the arm, they may be separated for a quarter of 
an inch, and still only one impression will be perceived. 

Accurate experiments have been made in difierent 
parts of the body, and it has been found that two points 
can be distinguished by the tongue, if only one-twenty- 
fourth of an inch apart ; by the tips of the fingers if 
one-twelfth of an inch distant ; while they may be one 
inch distant on the cheek or forehead, and even three 
inches on the back, and still give rise to t>nly one 
sensation. 

6. The Muscular Sense. — What is termed the 
muscular sense is less vaguely localised than the 
sensations referred to above in Section 2 (p. 341), 
though its place is still incapable of ]>eing very accur- 
ately defined. This muscular sensation is largely 
the feeling of resistance which arises when any 
kind of obstacle is opposed to the movement of the 
body, or of any part of it ; and it is something quite 
different from the feeling of contact or even of j)ressure. 

Lay one hand flat on its back upon a table, and rest a 
disc of cardboard a couple of inches in diameter u])on the 
ends of the outstretched fingers ; the only result will be a 
sensation of contact — the pressure of so light a body 
being inappreciable. But put a two-pound weight upon 
the cardboard, and the sensation of contact will pass into 
what appears to be a very different feeling, viz., that of 
pressure. Up to this moment the fingers and arm 
have rested upon the table ; but now let the hand bo 
raised from the table, and another new feeling will make 
its appearance — that of resistance to effort. This 
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feeling comes into existence with the exertion of the 
Timscles which raise the arm ; and it is the consciousness 
of that exertion which goes by the name of the muscular 
sense.” 

Any one who raises or carries a weight knows well 
enough that ho has this sensation ; but he may be gre«ktly 
})uzzled to say where he has it. Never|holess, the se#€|^ 
itself is very delicate, and enables us form tolerably 
accurate judgments of the relative intensity of resistances. 
Persons who deal in articles sold by weight are constantly 
enabled to form very precise estimates of the weight of 
such articles by balancing them in their hands ; and in 
this case, they depend in a great measure upon the mus- 
cular sense. 

But the muscular sense embraces more than the mere 
consciousness of the resistance to effort involved in lifting 
a weight. Thus it is a matter within everybody’s experi- 
ence that, even when the eyes are closed, we are perfectly 
well aware of the direction and extent of any movement 
of any part of the body. Moreover we are equally con- 
scitms of the position of any part of the body at any 
moment, whether the position is the result of our own 
voluntary movement or the result of the action of some 
other person who has placed the part in position. In all 
such cases the muscular sense supplies the basis of our 
knowledge of the position or of the movements of the 
parts of our body. 

The muscular sense is thus essentially concerned with 
sensations arising from movements whether active or 
passive. Now the parts affected by these movements are 
chiefly the following three ; the skin, the muscles and the 
tendons or ligaments. It has been supposed that the 
impulses which give rise to the sensations may be largely 
due to the stimulation of cutaneous nerves resulting from 
the varying extent to which the skin is put on the stretch 
by the movements ; but the arguments in favour of this 
view are not conclusive. On the other hand we know 
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that the muscles themselves possess nerve fibres which 
are certainly afferent, i.e. sensory ; and similarly afferent 
fibres, connected with extremely minute end-bulbs, are 
distributed to the tendons. And there is but little doubt 
that we must look to the impulses generated in these 
nerves, more especially the nerves of the tendons, as 
providing the sensations which form the basis of the 
rfiiscular sense. \ 

7. The Sense of Taste. — The organ of the sense of 
taste is the mucous membrane which covers the tongue, 
especially its back part, and the hinder part of the 
palate. Like that of the skin, the deep, or vascular, 
layer of the mucous membx*ane of the tongue is raised up 
into papillae ; but these are large, separate, and have 
separate coats of epithelium. Towards tlie tip of the 
tongue they are for the most part elongated and pointed, 
and are called filiform ; over the rest of the surface of 
the tongue these are mixed with other large papillte, with 
broad ends and narrow bases, called fungiform ; but 
towards its root there are a number of larger papilhc, 
arranged in the figure of a V with its point backwards, 
each of which is like a fungiform papilla surrounded by a 
wall. These are the circum vallate papiUte (Fig. 113, 
C.p.). The larger of these papilhe have subordinate small 
ones upon their surfaces. 

In both the fungiform and circumvallate papillte, the 
cells which are specially concerned in giving rise to sensa- 
tions of taste are arranged in bulbous groups, somewhat 
like the leaves in a bud, and hence these groups are known 
as taste-buds. In the circumvallate jxapillae these 
‘ taste-buds lie imbedded in the layers of epithelium 
which cover the sides of each papilla. 

Each ‘‘bud” is flask-shaped and consists of an outer 
wall, made up of elongated cells placed side by side like the 
staves of a barrel, and leaving an opening at the end of 
the bud where it comes to the surface of the papilla. The 
inside of the bud is filled with the true gustatory cells, 
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packed side by side intp the cavity of the bud. Each of 
these cells is long and very thin, with a large nucleus at 
its middle point, and each cell has at its outer end a 



Fig. 11.^.— The Mogth widei.v oi’knkp to show ihe Tomu'E and 
Palatb:. 

Uv. the uvula ; Tij. the tonsil between the anterior and posterior pillars 
of the fauces; C'.p, circumvallate papillas ; F.p, fungiform papilla?. The 
minute filiform papillae cover the interspaces between these- tin the^ 
right side the tongue is partially dissected to show the course of the fila* 
ments of the glossopharyngeal nerve, VIII. 

delicate process, like a stift’ cilium (but not vibratile), 
which projects through the open mouth of the bud. 

The papillae are very vascular, and they receive nervous 
filaments from two sources, the one the nerve called 

A A 2 
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glossopharyngeal, the other ttie gustatory, which 
is a branch of the fifth nerve (see Lesson Xi.). The 
latter chiefly supplies the front of the tongue, the former 
its ^ack and the adjacent pirt of the palate ; and there 
'fie reason to believe that di|Ferent tiiste sensations are 
si#t)fjiied by the two nerves. 

The peculiar cells in the taste-buds are the sense- 
organules of taste, and, with the delicate terminations of 
the glossopharyngeal and gustatory nerve which may be 
traced to them, constitute the essential parts of the organ 



A, A circumvallato jjapilla cut across ; e, epidermis ; d, dennis ; t, 
taste-buds ; n, nerve fibres. 

B, Two taste buds ; e, epidermis ; d, dermis ; c, the outer or cover 
cells shown in the lower bud ; n, four inner cells with processes ; m, 
processes projecting at mouth of buds. 

of taste. The tongue itself, which by its movements 
brings the sapid substances into immediate contact with 
these modified epithelium cells, may be regarded as the 
accessory part. 

The great majority of the sensations we call taste, how- 
ever, are in reality complex sensations, into which smell, 
and even touch, and the temperature sense, as in the 
sensation of cold produced by peppermint, largely ^ter. 
When the sense of smell is interfered with, as when the 
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nose is held tightly pini5hed, it is very difficult to distinguish 
tile taste of various objects. An onion, for instance, 
the eyes being shut, may then easily be confounded with 
an apple. This explains the not uncommon devic^ of 
pinching the nose when takintg nauseous medicine. ^ 

But the so-called “tastes” which are thus affected by 
the fibsence of smell ought rather to be spoken of as 
“ffavours” than as tastes. They are distinctly due to 
the odoriferous particles the substances emit, and thus 
people are in the habit of “sniffing” a glass of wine in 
order to appreciate what they call its taste. True taste is 
indejiendent of smell, as in the case of sugar or <[uinine. 
When we come to investigate the matter closely, we tind 
that the various real tastes maybe arranged under four 
heads : these are — sweet, bitter, sour or acid, and salt. 
Tliese tastes are not excited equally all over the surface 
<*f the tongue. Tims the tip is most sensitive to sweet 
substiinces, and the back to bitter, while the sides of 
the tongue most readily respond to acids. 

The sense of taste is most acute at medium temperatures, 
such as 20^ — 30^ 0. (68^ — 95" F.), and substances to be 
tasted must be in solution. 

8. The Sense of Smell. — The organ of the sense of 
smell is the delicate mucous membrane which lines the 
upper part of the nasal cavities. In this part the mucous 
membrane is distinguished from the rest of the mucous 
membrane of these cavities— firstly, by the character of 
its cells and by possessing no cilia ; secondly, by receiving 
a large nervous supply from the olfactory, or first, pair of 
cerebral nerves (see Lesson XI.), as well as a certain 
number of filaments of the fifth pair, whereas the rest 
of the mucous membrane is supplied from the fifth pair 
alone. 

Each nostril leads into a spacious nasal chamber, 
separated, in the middle line, from its fellow of the other 
side, by a partition, or septum, formed partly by cartilage 
and partly by bone, and continuous with that partition 
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which separates the two nostrils one from the other. 
Below, each nasal chamber is separated from the cavity of 
th^ mouth by a floor, the bony palate (Figs. 115 and 116) ; 
app when this bony }>alate comes to an end, the partition 
is continued down to the root of the tongue by a fleshy 
curtain, the soft palate, which has l>een already described. 
The soft palate and the root of the tongue together, 
constitute, under ordinary circumstances, a movable 
partition between the mouth and the pharynx ; and it 
will be observed that the opening of the larynx, the 
lies behind the partition ; so that when the root of 
the tongue is applied close to the soft palate no }>assage 
of air can take place between the mouth and the pharynx. 
But in the upper part of the pharynx above the partition 
are the two hinder openings of the nasal cavities (which 
are called the posterior nares) separated by the 
termination of the septum ; and through these wide 
openings the air passes, with gi'eat readiness, from 
the nostrils along the lower part of each nasal chamber 
to the glottis, or in the opposite direction. It is 
by means of the passages thus freely open to the air 
that we breathe, as we ordinarily do, with the mouth 
shut. 

Each nasal chamber rises, as a high vault, far above the 
level of the arch of the })osterior hares — in fact, about as 
high as the depression of the root of the nose. The upper- 
most and front part of its roof, between the, eyes, is 
formed by a delicate horizontal plate of bone, perforated 
like a sieve by a great many small holes, and thence 
called the cribriform plate (Fig. 116, Gr.). It is this 
plate (with the membranous structures which line its two 
faces) alone which, in this region, separates the cavity of 
the nose from that which contains the brain. The ol- 
factory lobes, which are directly connected with, and form 
indeed a part of, the brain, enlarge at their ends, and 
their broad extremities rest upon the upper side of the 
cribriform plate, sending through it immense numbers of 
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Fig. 115 .— Vertical Longitudinal Sections of the Nasal Cavity. 

The upper figiire represents the outer wall of the left nasal cavity ; the 
lower figure the right side of the middle partition, or septum (Sp.) of the 
nose, which forms the inner wall of the right nasal cavity. 1, the olfac- 
tory nerve and its branches ; V, branches of the fifth nerve ; Pa. the 
palate, which separates the nasal cavity from that of the mouth ; S. 
the superior turbinal bone ; M.T, the middle turbinal ; J.T^ the inferior 
turbinal. The letter / is placed in the cerebral cavity ; and the partition 
on which the olfactory lobe rests, and through which the filaments of the 
olfactory nerves pass* is the cribriform plate. 
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delicate filanients/ihe olfactory nerves, which are distri- 
buted as follows (Fig. 115) : — 

On each wajl of the septum the mucous membrane 
forms a flat expansion, but on the side walls of eacli nasal 
cavity it follows the elevations and depressions of the 
inner surfaces of what are called the upper and middle 
turbinal, or spongy bones. These bones are called 





S/t. PL 


Fig. 116 .— a Transverse and Vermcal Section op the Osseous Walls 
OF THE Nasal Cavity taken nearly through the letter I in the 
FOREGOING FIGURE. 

Or. the cribriform plate ; B.T, M.T^ the chambered superior aiidiniddle 
turbinal bones on which and on the septum (-S’p.) the ftlaments of the 
olfactory nerve are distributed ; 7.2’, the inferior turbinal boi}Q ; /V. the 
palate ; An. the iXnirnm or chamber which occupies the greater part of 
the maxillary bone and opens into the nasal cavity. 


spoiigy because the interior of each is occupied by air 
cavities separated from each other by very delicate 
partitions only, and communicating with the nasal 
cavities. Hence the bones, though massive-looking, are 
really exceedingly light and delicate, and fully deserve 
the appellation of spongy (Fig. 116). 

Over these upper and middle turbinal bones, and on 
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both sides of the septurjji opposite to ^em, the mucous 
membrane is specially modified, and receives th,^ name of 
olfactory mucous membrane ; and it is to this 
olfactory mucous membrane that the filaments of the 
olfactory nerve passing through the cribriform plate are 
distributed. 

There is a third light scroll-like bone distinct from these 
two, and attached to the maxillary bone, which is called 
the inferior turbinal, as it lies lower than the other two, 
and imperfectly separates the air passages from the 
proper olfactory chamber (Fig. 115). It is covered by 
the ordinary ciliated u^ucous membrane of the nasal 
})ass;ige, and receives no filaments from the olfactory 
nerve. 

In the non-olfactory part of the nasal mucous mem- 
brane the epithelium cells are ordinary ciliated epithelium 
(^ells (see p. 284) ; but in the olfactory part the cells not 
tmly lose their cilia,, but become peculiarly modified. 
Many of them bec(jme very slender and rod-shaped, and 
the delicate terminations of the olfactory nerve filaments 
appear to end in these modified epithelial cells, which 
indeed are the sense -organules of the organ of smell. 
The olfactory mucous membrane, with the filaments of 
the olfactory nerve ending in it, thus constitutes the 
essential part of the organ. 

The cells of the olfactory mucous membrane are of two 
kinds, and somewhat similar to those composing a tiiste- 
bud ; h\it their arrangement is different. Thus one kind 
of cell is long, slender and rod-shaped, with a large 
nucleus towards its inner end. The cells of the second 
kind are also thin and rod-like at their inner ends, but 
beyond the nucleus, the outer end is wide and columnar. 
The cells of the first kind, which are the most numerous, 
are supposed to be those which are specially concerned in 
giving rise to the sensations of smell. The olfactory 
mucous membrane is made up of a mass of these two kinds 
of cell, placed side by side and intermixed. (Fig. 117.) 
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The accessory part of 
described as follows : — 
From the arrangements 



Fig. 117 . — Cellh of Olfactory 
Epithelium. (Max Schultze.) 


1, From a frog ; 2, from man. 

a, columnar epithelial cell; 
h, olfactory rod-cell ; c, outer 
limb, d, inner limb of olfactory 
cell, the former being prolonged 
at e into fine hairs, the latter 
being continuous with a nerve 
filament from the olfactory 
nerve. 


the organ of smell may be 

rliich have been described, it 
is clear that, under ordinary 
circumstances, the gentle in- 
spiratory and ex[)iratory cur- 
rents will flow along the 
comparatively wide, direct 
passages afforded by so much 
of the nasal chamber as lies 
below the middle turbinal ; 
and thrat they will hardly 
move the air enclosed in the 
narrow interspace between 
the septum and the upper 
and middle spongy bones, 
which is the proper olfactory 
chamber. ^ 

If the air currents are laden 
with particles of odorous 
matter, these can only reacli 
the olfactory membrane by 
diffusing themselves into this 
narrow interspace ; and, if 
there be but few of these par- 
ticles, they will run the risk 
of not reaching th% olfactory 
mucous membrane at all, 
unless the air ii| contact with 
it be exchanged for some of 
the odoriferous air. Hence 
it is that, when we wish to 
perceive a faint odour more 
distinctly, we “sniff” or 


snuff up the air. Each sniff is a sudden inspiration, the 
effect of which must reach the air in the olfactory chamber 
at the same time as, or even before, it affects that at the 
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nostrils ; and thus must^tend to draw a little air out of 
that chamber from behind. At the same time, or imme- 
diately afterwards, the air sucked in at the nostrils 
entering with a sudden vertical rush, part of it must tend 
to flow directly into the olfactory chamber, and replace 
that thus drawn out. 

The loss of smell which takes jflace in the course of a 
severe cold may, in part, be due to the swollen state of 
the mucous membrane which covers the inferior tnrbinal 
hones, impeding the passage of odoriferous air to the 
olfactory chamber. 

Very little is known of the physiology of smell, and 
smells have not so far been classified except as agreeable 
or the reverse ; but recent observations seem to show that 
a much more detailed classification is possible, Everyday 
experience shows that the sense is extremely delicate, 
the most minute amount of odoriferous matter, such as 
musk, serving to excite it. 

9. The Ear and the Sense of Hearing.— The ear, or 
organ of the sense of hearing, is very much more complex 
than either of the sensory organs yet described ; and in it 
both the essential and the accessory parts are much more 
highly developed. 

The essential part, on each side of the head, consists, 
substantially, of a very peculiarly-formed membranous 
bag. This bag, wdien the ear first begins to be formed, is 
a simple round sac, but it subsequently takes on a very 
complicated form, and becomes divided into several parts, 
which receive special names. It is lodged in a cavity of 
correspondingly intricate shape, hollow^ed out of a solid 
mass of bone (called from its hardness petrosal), which 
forms part of the temporal bone, and lies at the base 
of the skull. The sac, however, does not completely fill 
the cavity, so that a space is left between the bony walls 
and the contained sac. This space, which is continuous 
all round the sac, being interrupted at certain ^||ces only 
where the membranous sac is attached to the bony w alls, 
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contains a fluid provided by the»^ymphatics of the neigh- 
bourhood, and called perilymph. 

The membranous sac, the walls of which consist chiefly 
of connective tissue, is lined by an epithelium, and 
contains a fluid of its own called endolymph. The 
perilymph, it yill be understood, is quite distinct from 
the endolymph, the two fluids being separated by the 
walls of the membranous sac. 

Over a great part of the interior of the membranous 
sac the epithelium is simple in character, but at cerbiin 
places to be presently described it assumes special 
features, being greatly tliickened^ and bearing hair- 
like processes, or being otherwise modified, so as to be 
easily afiected by even such slight movements as the 
vibrations which produce sound. Where these patches 
or tracts of modified or auditory epithelium, as it is 
called, exist, the membranous sac is more closely attached 
to the bony walls ; and branches of the eighth, acoustic 
or auditory, nerve (see Lesson XT.), passing through 
channels in the bony walls, through the tissue attaching 
the membranous sac to the bony walls, and through the 
wall of the membranous sac itself, come into peculiar 
relation with, and end in, or among, the cells of these 
patches of auditory epithelium. It is only to the places 
where the epithelium is thus modified that filaments of 
the auditory nerve are distributed. 

What takes place in hearing may briefly be stated as 
follows. The vibrations set up by a sounding 'body are 
conducted, by the accessory apparatus to be presently 
described, to the perilymph, and from thence through 
the walls of the membranous sac to the endolymph. As 
the vibrations travelling along the endolymph reach those 
particular places where the epithelium is modified, and 
where filaments of the auditory nerve end, they in 
some wwy or other affect the epithelium cells. Through 
tfie interi^diation of these cells the delicate endings of 
the audi^y nerye are stimulated, so that molecular 
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changes are set up in the substance of th@ nerve, and 
transmitted along the nerve from particle to particle, 
until they reach that part of the brain the molecular 
disturbance of which gives rise to sensations of sound. 

Thus, until the auditory epithelium is reached, that 
wiiich takes place in the ear when we hear a sound is 
simply a transmission of vibrations of the same order as 
those which are produced by the sounding body ; but the 
processes which intervene between the epithelium and 
the brain are not of the same kind ; here^there is no trans- 
mission of such vibrations, but what takes place is a series 
of changes of nerve substance of the same order as, though 



Fio. 118. —The Membranous Labyrinth, twice the natural size. 

Ut. the Utricle, or part of the vestibular sac, Into which the semi- 
circular canals open ; A. A. A, the ampullaj ; P.A, anterior verticjil semi- 
circular canal ; P. V, jwsterior vertical ^micircular canal ; //, horizontal 
scniicircular canal. The saccule is notion, as In the position in which 
the labyrinth is drawn the saccule lies behind the utricle. The white 
circles on the ampullsfi of the iiosterior, vertical, and horizontal canals 
indicate the cut ends of the branche® of the auditory nerve ending in 
those ampuUse ; the branches to the ampulla of the anterior vertical 
canal are se^ in the spaces embraced by the canal, as is also the branch 
to the utricle. 


perhaps not exactly like, those which are set up by the 
action of a stimulus on any other nerve. 

(i) The Membranous Lsbyrlnth.—The membranous 
bag, as we have said, is not simple but complicated ; 
it consists of several parts. In the first place there 
is a somewhat oval sac, called the utricle (Fig. 
11%, Ut) into which open three hoop-like, sen^icircular 
canals. Of these two are pla<Jed vertically, pne directed 
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anteriorly, tl|p other posteriorly,^ and are hence called the 
anterior (P. A) and posterior (P.V) vertical semi- 
circular canals. The third is placed horizontally and 
directed outwards, hence it is called the exterior 
horizontal semicircular canal (Fig. 118, E). It 
will be observed that the three canals thus lie in the three 
directions of space ; this has nothing to do with judging 



Fjo. 110. 

Biagram to illustrate the endiife of the auditory nerve in the mem- 
branous labyrinth and cochlea. W.B. Tfie drawing is diagrammatic. 

A.N, auditory nerve dividing Into several branches, and ending at 
A.S.Cy in the ampulla of the anterior vertical semicircular canal : P.S.C, 
do. posterior vertical : KS.C, do. external horizontal : [/, in the utricle ; 
S, in the saccule. Cock, the ending all along the canalia cochloaris ; 
A.V, canal uniting the interior of utricle with that of ‘aa'^cule. C, 
canal joining the saccule to the canalis cochlearis. 


the directions of sound, but may possibly have a relation 
to other functions of the canals. Each of these three 
hoops is dilated at one of its two ends, where it opens 
into the utricle, into wlmt is called an ampulla (Pig. 
118, A,^Af A)^ the other end having no ampulla. Thus 
there is on# ampulla to each canal. Those ends of the 
tiro vertical canal# which areai^t dilated into ampullae 
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join together (Fig. 119), before they open into the 
utricle. 

On each ampulla is a ridge or crest, called crista 
acustica, placed crosswise, and projecting into the 
cavity of the canal. Each crest is formed partly by an 
infolding and thickening of the connective tissue wall of 
the ampulla, and partly by a thickening of the epithelium, 
which here has the peculiar characters already referred 
to. A similar but oval patch of thickened, modified, 
auditory epithelium, with a thickening of the wall beneath 
it, is found in the utricle itself ; this is called a 
macula acustica. 

Attached to the utticule is a similar smaller sac (form- 
ing another division of the primitive membranous bag) 
called the saccule, on the walls of which is a similar 
rounded patch of modified epithelium, or macula. The 
cavity of the saccule is cut off from that of the utricle, 
except for a curious roundabout connection by means of a 
narrow canal (Fig. 110, A. F.). ^ 

The utricle and saccule with the three semicircular 
canals receive the name of the membranous laby- 
rinth. It will be remembered that this %iembranous 
labyrinth, filled with endolymph, lies in an intricate cavity 
with bony walls called the ossepus labyrinth, of which 
the part which contains the saccul^ and utricle is known 
as the vestibule, and that between the walls of the 
boi^y and the membranous labyrinth, which correspond 
largely but not wholly in form, is a space filled with 
perilymph. 

Branches of the audit#ry nerve pass to this mem- 
branous labyrinth and send fibres (Fig. M9) to the three 
crests of the three ampullae, to the pat<m on the utricle, 
and to the patch on the saccule. In each crest and each 
patch the epithelium is thicken^ and modified, and al- 
though the crests are slightly di^ifent in structure from 
the ^tcl^s, the general features are the same in all. 
Whereas over the rest of ^the iffside of the membranous 
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Fro, 120.— Longitudinai;, StoiaoN ..or Ampulla, cutting the Chest 

CrOSSWISiIIPPmeWHAT DIAOEAMMATI0, 

c, one en4 of Jlie ampulla forming the semicircular canal, it, the: other 
end opening thto the utricle ; c, ordinaary epithelium lining the greater 
part of the ampulla; cr. the cwfest with a. c,. auditory epithelium; a. A, 
auditory hairs ; c.#, connective tis^e supiwrt to the auditory e^the- 
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labyrinth the epithelium consists (Fig. 120, e) of a singhi 
layer of low, rather flat cells, in the crests and patches 
the cells lie several deep, and «are of a peculiar form. 
Some are conical or cylindrical, and some are spindle- 
shaped, and either the one or the other, or, according to 
some authors, both, bear stiff hair-like filaments (Fig. 1 20, 
o.h, A. B, a.h) projecting into the cavity of the labyrinth, 
lliese filaments, often called auditory hairs, apj)ear at first 
sight to resemble cilia, but they are stifl', and unlike cilia 
have no active movement of their own. They are longer 
and more conspicuous in the crests of the ampulhe than 
in the patches of ^jbhe utricle and saccule. The fibres 
of the auditory nerve may be traced through the connec- 
tive tissue wall of the crest or patch into the epithelium, 
where they break up into a delicate network among the 
cells (Fig* 120, A, B, h) ; but it is not as yet exactly de- 
termined how the filaments of this network end, whether 
they actually join the conical cells, or the spindle cells, or 
merely lie in contact with them. 

However this may be, it is very clear that the vibrations, 
or waves of sound, reaching the ear from some sounding 
body, in passing along the endolymph, set in movement 
these hairs, very much as weaves of the wind set in move- 
ment stalks of standing corn, and that the movements of 
the hairs, by help of the cells to which the hairs belong, 


liura ; n, fJlires of tho auditory iierve passing into the auditor}^ epithe- 
lium ; i, epithelium intennediat© between the auditory epithelitim and 
tlie ordinary epithelium of the rest of the ampulla. 

A and B, Dia^Tims to illustmto the character of the cells of the auditoi y 
epithelium, and the two views taken as to the relation of the auditory 
hairs to the cells. In both A and B, I is the auditory epithelium, H the 
connective tissue on which it rests, and a, a fibre of the auditory nerve 
passing through TI, and dividing into fine branching filaments in I, at h. 

In A, c.c, cylindrical cells bearing auditory hairs, ct.h: each cell bears 
a group of fine hairs which adhere together, fts a long narrow cone ; fjKC, 
spindle-shaped cells, not bearing hairs. 

In B, c.c, cylindrical cells not bearing htiirs, sp.c spindle-shaped cells 
bearing the auditory hair, d, and supposed to be connected with the 
nerve-filamepts ; /, other supporting cells. 

In both A lihd B, the fUlre, a, of the auditory nerve passes into the 
epithelium, And ends in fine branches, 6. 
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excite the delicate filaments of the nervous netwoik below, 
and so set up disturbances or impulses which j>ass along 
the auditory nerve to the brain. 

In the utricle and saccule where, as has been said, 
the hairs are not so conspicuous, the endolymph contains 
a number of small calcaretms particles called otoliths, 
and these are supposed by many to be of use in increasing 
the effect of the waves in the endolymph. In bathing in 
a tolerably smooth sea, on a rocky shore, tlie movement 
of the little waves as they run backwards and forwards is 
hardly felt by any one lying down ; but in bathing on a 
sandy and gravelly beach the pelting of the showers of 
little stones and sand, which are raised and let fall by eacli 
wavelet, makes a very definite imjjression on the nerves of 
the skin. And it may be that the movements of these 
otoliths in a similar way produce a greater efiect on the 
epithelium than would the mere waves of the endolymph ; 
but in some of the lower animals these minute particles 
are replaced by one large stone which seems rather to act 
as a damper ; so that the exact use of the otoliths must be 
left at present undecided. 

(ii) The Cochlea. — An important part of the essential 
apjmratus yet remains to be described, and that is tlie 

cochlea. 

Connected with the saccule by a narrow canal is an ex- 
tension of the original membranous sac, in the form of a 
long tube closed at the end (Fig, 119, CocJi.). This cochlear 
tube, like the parts of the membranous sac already de- 
scribed, is lined with epithelium, contains endolymph. and 
is lodged in a bony cavity filled with perilymph. So far it 
resembles the labyrinth, but in many other respects it is 
very different. 

In the first place, in the labyrinth, with the excep- 
tion of the vestibule, li^e membranous sac very closely 
follows the contour of the bony walls, so timt in a 
section of a semicircular canal, foy^ instance, the mem- 
branous canal presents a circular contour lying in the 
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larger circular contouf of the bony canal. But in the 
cochlea, on the contrary, the contour of the cochlear tube 
is, along its whole length, totally different from that of 
the containing cavity ; for, in transverse section, while 
the contour of the containing cavity is almost circular, 
that of the cochlear tube itself is nearly triangular. The 
cochlear tube in fact is, in shape, what is often called 
triangular (as when we speak of a triangular tile), but 
should be called trihedral ; that is to say it has three sides 
or faces (and three edges) ; one of the sides is however 
not flat but convex, f e., bulges somewhat outwards. 

In the second pla<ie, in the labyrinth, the sac is for the 
most part free from the bony w*alls, being attached only at 
the places where the nerve fibres pass into it, and, more 
h)osely, at some few other points ; but in the cochlea, on 
the contrary, the cochlear tube closely adheres to the bony 
wall, along the whole length of the tube, in two regions, 
namely, over the whole of that face of the trihedral tube 
which has just been described as being convex, and at 
the edge opposite. Take a round ruler, make a paper 
case which just fits it, and close the case at one end. 
Then pare down the ruler on two sides until it has two 
flat faces meeting at an edge, and slide it into the case, 
so that it does not quite reach the closed end. The ruler, 
if it were hollow, would represent the cochlear tube ; and 
it will be observed that it divides the cavity of the case 
into tw() passages, which are quite distinct from each 
other, except at the end of the case to which the ruler does 
not reach. In a similar way, the cochlear tube, containing 
endolymph, divides the cavity containing perilymph, in 
which it lies, into two passages, called scalse, which are 
seen in section (Fig. 121) to be placed one above and the 
other below the triangular cavity of the cochlear tube 
itself, and which communicate witli each other at the far 
end of the cochlear tube, but not elsewhere. 

In one point, hoMiever, the comparison with the ruler 
and its case is not exact. The cochlear tube is not nearly 
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SO wide as the containing cavity p and the sliarp edge 
opposite the convex adherent face would not be in direct 
connexion with the bony walls, were it not for a t)ony ledge 
which, projecting from the bony w^alls towards the thin 
edge of the cochlear tube, is united to it by membrane 
and thus forms a partithm or septum, which separates 
the two scahe^ in tiie region where the cochlear tubt^ 
itself would otherwise leave a communication between 
them. ^ 

In the thii'd place, the cocldeai- tnlx* is not straiglit oi 



Fiu. 121. — A Section ,THH(Hj<in ihk Axih of tue Cochlea, MAONiFiEr* 

. THREE eiAMETEKS. 

S(^.M, scala media; -S>. T, Hcala veatibuli ; *SV. 7’, Hcal:i fympaiii ; A.. S’, 
lamina spiralis ; Md. bony axis, or modiohis, vooihI wliioli the avo 

wound ; C. N, cochlear nerve. 


even simply curved, hut is twisted up on itself, into a spiral 
of two and a half turns. In these tw^ists it is*' accom- 
panied by the cavities above ami below it, and also by the 
septum spoken of above, which thus takes a spiral course, 
and is spoken of as the lamina spiralis (Pigs. 121, 122, 
l.s). The whole arrangement somewhat resembles the 
shell of a snail ; hence the name. All along the spiral the 
edge of the cochlear tube attached to the lamina spiralis is 
directed inwards and the convex face outwards ; so that 
when a section is made through jthe^axis of the spiral a 
succession of rounded spaces are cut through, each space 
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exhibiting, above ancl below, the somewhat half-moon- 
sliaped section of a i>nd<i, the two scahe being separated 
on the outer side, by the cochlear tube, atid, on the inner, 
l)y the lamina H[)iraliR (Fig. 121). ^ 

The triangidar cavity which, as we have seen, contains 
endolyinph, and is continuous with the sacculus, is called 
the canalis cochlearis, or scala media (because it lies 
between the two other cavities). The upper of the two 
cavities Cf)ntaining perilym[)h, when traced down^o the 
bott(:>m of the 8j>iral, is found to be continuous with the 
cavity containing j^erilymph which surrounds the vestibule 
(/.c., the utricidus»and sacculus) ; hence it is called the 
scala Vestibuli, The lower cavity, when similarly traced 
to the bottom of the spiral, ends against the inner w^dl of 
a part of the ear to be presently described, called the 
tlimpanvm.y by an opening, called the fenestra rotunda, 
which is closed by a membrane. Hence this lower cavity 
is called the scala tympani. Thus the scala vestibuli 
and scala tym])ani begin at different points, and are 
separated along their whole course by the cochlear tube 
and the lamina spiralis except at the very tip of the spiral, 
where these latter end ; here the two scahe are prolonged 
beyond the cochlear tube and join together, forming a 
common Rj)ace, as seen at the top of Fig. 121. 

The vibrations of sound are brought, as we shall see, 
to the perilymph chamber of the vestibule, whence they 
spread, on the one hand over the semicircular canals, and 
on the other into the scala vestibuli. Passing upwards, 
in the spiral along the scala vestibuli, they enter at the 
summit the scala tympani, along which they descend, and 
are eventually lost at the fenestra rotunda in which that 
scala ends. 

(iii) The Organ of Corti. — But besides this peculiar 
arrangement of the perilymph chamber, there are other 
and still more important differences between the cochlea 
and the labyrinth. 

The auditory nerve is, as we have seen, distributed to 
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certain parts only of the membraiA)us labyrinth, namely, 
to the crests of the ampulho and to the patches on the 
utriculus and the sacculus ; but, in the case of the cochlea, 
fibres, runSing in canals excavated in the bony core of the 
spiral, and in the lamina spiralis (Fig. 122, A.N) run to 
and end in the canalis cochlearis along its whole length, 
from the bottom to the top of the spiral. Fig. 119, Coch. 
And the mode of ending of these nerves is very peculiar. 

If we examine a section of one of the spirals of the 
cochlea (Fig. 122), we see that the upper side of the 
cochlear tube (that which separates it from the scala 
vestibuli) is formed by a thin membrane (called the 
membrane of Reissner, Fig. 122, m.R) lined in- 
ternally by simple epithelium. The outer convex side of 
the cochlear tube, that side by which it is firmly atteched 
to the bony wall, is also lined internally by simple epi- 
thelium. Neither here nor in the membrane of Reissner 
do any fibres of the auditory nerve end. But the remain- 
ing side of the tube, that which looks towards the scala 
tympani, possesses on its inner face, along the whole 
length of the tube, from the bottom to the top of the 
spiral a very remarkable and strangely modified epi- 
thelium ; and, along the whole length of the tube, fibres 
of the auditory nerve pass into and end among the cells 
of this epithelium, which is s|}oken of as the organ of 
Corti. (Fig. 122, 0.0.) 

The membrane which separates the cavity of the 
cochlear tube from the scala tympani, and on which the 
organ of Corti is placed, is of a peculiar character, speci- 
ally adapted for being thrown into vibrations, and is 
called the basilar membrane. The organ of Corti 
itself consists of, in the first place, the so-called rods of 
Corti, peculiarly shaped long bodies, which are seen in 
section leaning, as it were, against each other. There is 
an inner row of these and an outer row all along the 
spiral, each row consisting of several (four to six) thousands 
of rods. On the inside and on the outside of the rods are 
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Fio, 122.— Section of Coil of Cochlea. 

Sc. F, scala. vestibvili ; Sc. T, scala tynipani ; C. C. canalis cochleai'is, or 
scala media; O.C\ organ of Corti ; iw.i?, membrane of Reissner, m.i^ 
membrana tcctoria (a gelatinous membrane overlying the organ of Corti, 
and supposed to act as a damper). A.Ny fibres of the auditory nerve 
running in the lamina spiralis, and ending in the organ of Corti ; 
«, connective tissue cushion to which the basilar membrane is attached 
on the outside ; ft, bony walls. 

The figure has, for simplicity’s sake, been made somewhat diagram- 
matic. The lamina spiralis has been drawn too short : the proportions 
of the lamina spiralis and the scalce are more exactly rendered in Fig. 121 • 
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very peculiar epithelial cells, also jitTanged into rows, each 
row consisting of several thousand cells. Each of these 
cells bears short hairs on its free surface, hence they are 
called hair-ceUs, inner and outer ; and the auditory nerves 
passing through the lamina spiralis, reach the cochlear 
tube along the whole length of the spiral, and end in 



Fia. 123.~-Tran8veh.se Seijtjon through the Sihk Wall.h of the 
Skull to show the Parts of Kar. 

Co, Concha or external car; E.M, external auditory meatws; Tt/.M, 
tympanic membrane; Inc. Mall, incus and malleus; A.S.C\ P.8.C, 
E.S.C\ anterior, posterior, and external semicircular canals ; Coc. cochlea ; 
Ha. Eustachian tube ; J,M, internal auditory meatus, through which the 
auditory nerve passes to the organ of hearing. 

filaments which are lost in the organ of Corti, but are 
probably connected with the hair-cells, 

(iv) The Bony Labyrinth. — These essential parts of 
the organ of hearing, the membranous labyrinth and the 
canalis cochlearis, are, we have seen, lodged in chambers 
of the petrous part of the temporal bone. 



VIII 


THE BONY LABYRINTH 


377 


In the fresh state, tliis collection of chambers in the 
petrous bone is perfectly closed ; but, in the dry skull, 
there are two wide openings, termed fenestrSB, or win- 
dows, on its outer wall ; on the side nearest the 
outside of the skull. Of these fenestree, one, termed 
ovalis (the oval window), is situated in the wall St the 
vestibular cavity ; the other, rotunda (the round win- 
dow), behind and below this* is, as we have seen, the open 
end of the scala tympani at the base of the spiral of the 



Pio. 124 . — The Membrane of the Drum of the Ear, with the hmai-i, 
Bones of the Ear seen from the Inner Side ; and the Walls 
OF the Tympanum, with the Air-cells in the Mastoid Part of 
‘the Temporal Bone. 

The petrous part of the temporal bone containing the labyrinth is sup- 
posed to bo removed, the foot-plato of the stapes having been detached 
rrom the fenestra ovalis. 

M. (\ masjtoid cells ; malleus ; Inc. incus ; St. stapes ; a b, lines 

drawn through the horizontal axis on which the malleus and incus turn. 


cochlea. In the fresh state, each of these windows or 
fenestrse is closed by a fibrous membrane, continuous with 
the periosteum of the bone. 

The femdta rotunda is closed by membrane only ; but 
%fi^ned to the centre of the membrane of the fenestra 
so as to leave only a narrow margin, is an oval 
j^late of bone, part of one of the little bones to be de- 
scribed shortly. 
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(v) The Middle Ear.— The cuter wall of the internal 
ear is still far away from the exterior of the skull. 
Between it and the visible opening of the ear, in fact, are 
placed in a straight line, first, the drum of the ear, or 
tyi^panum ; secondly, the long external passage, or 
meatus (Fig, a 23> 



Fig. 125.— a Diagram ilujstrativb of the Relative Pohitions of 
THE Various Parts of the Ear. 

E.My external auditory meatus ; Ty.M, tympanic membrane ; Ttf. tym- 
panum ; Malt, malleus; Jnc. incus; Htp. stajics ; F,o, fen^tra ovalis ; 
F.r, fenestra rotunda; Eu. Eustachian tube; M.l, membranous hiby. 
rinth, only one semicircular canal with its ampulla being represented ; 
Sra.V, Sca.T, Sca.M^ the scalaj of the cochlea, which is supposed to bo 
unrolled. 


The drum of the ear and the external meatus, which 
together constitute the middle ear, would form one cavity, 
were it not that a delicate membrane, the tympanic mem- 
brane (Ti/. If, Fig, 123), is tightly stretched in an oblique 
direction across the passage, so as to divide the compam- 
tively small cavity of the drunij from the meatlis, 
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The membrane of th® tympanum thus prevents any 
communication, by means of the meatus, between the drum 
and the external air, but such a communication is pro- 
vided, though in a roundabout way, by the Eustachian 
tube (Ev. Fig. 123), w'hich leads directly from the fore 
part of the drum inwards to the roof of the pharynx, 
where it opens. (See also Fig. 69.) 

(vi) The Anditory Oaslcles.— Three small bones, the 
auditory ossicles, lie in the cavity of the tympanum. 
( )ne of these is the stapes, a small bone shaped like a 
stirrup. It is the foot-plate of this bone which, as already 
mentioned, is firmly ^fastened to the membrane of the 
fenentra ov<(iis^ while its hoo[> projects outwards into the 
tympanic cavity (Fig. 124). 

Another of these bones is the malleus {Mull. Figs. 
123, 124, 125), or hammer- bone, a long process, the st>- 
called handle, of w^hich is fastened to the inner side of the 
tympanic membrane (Fig. 124) ; while a very much smaller 
process, the dender process, is fastened, as is also the body 
of the malleus, to the bony wall of the tympanum by 
ligaments. The rounded surface of the head of the 
malleus fits into a corresponding hollowed surface in the 
end of a third bone, the incus or anvil bone, thus 
foiuning a joint of a somewhat peculiar character. The 
incus has two processes ; of these one, the shorter, is 
horizontal, and rests upon a support afforded to it by the 
walls of the tympanum; while the other, the longer, is 
vertical, descends almost parallel with the long process of 
the malleus, and articulates ^ with the stapes (Figs. 124 
and 125). 

The three bones thus form a movable chain between 
the fenestra ovalis and the tympanic membrane. The 
malleus and incus aie, by the peculiar joint spoken of 
above, articulated together in such a manner that they 

^ A minute bone, the os orbiculare, intervenes between the end of the 

? »roce8S of the incus and the stapes, so that the stapes is in reality articu* 
ated with the os orbiculare, which in turn is fastened to the process of 
the incus. For simplicity's sake, mention of this is omitted above, 



380 


ELEMENTARY PHYSIOLOGY 


l^ESS. 


may practically be considered as forming one !)f>ne which 
turns upon a horizontal axis. This axis passes through 
the horizontal process of the incus and the slender process 
of the malleus, and its ends rest in the walls of the tym- 
pi^num. Its general direction is represented by the lint' 
a b in Fig. 124, or by a line |xjrpendicular to the plane of 
the paper, passing through the head of the malleus in 
Fig. 125. 

The two bones may be roughly compared to two s})okes 
of a wheel, of which the axle is represented by the axis 
just described ; it should be added, however, that one 
spoke, the incus, is shorter than the other, and that the 
movement of the two spokes is limited to a very small arc 
of a circle. 

When the membrane of the drum, thrown into vibrati(»n 
by some sound, moves inwards and outwards in its vibra- 
tions, it necessarily carries with it, in each inward and 
outward movement, the handle of the malleus which is 
attached to it. But with each inward and outward move- 
ment of the handle of the malleus, the long process of the 
incus also moves inward and outward, carrying with it the 
stapes which is attached to its end. Hence each vibration, 
each inward thrust, and each outward or backward retui n 
of the membrane of the drum, produces by means of the 
chain of ossicles a corresponding vibration of the mem- 
brane of the fenestra ovalis to which the stapes is 
attached ; ^ but the vibrations of this membrane are in' 
turn communicated to the perilymph of the labyrinth and 
cochlea. Thus by means of the chain of ossicles, and the 
membranes to which these are attached at each end, the 
aerial vibrations passing down the meatus are transformed 
into corresponding vibrations of the fluids of the inner 
ear. The vibrations of the perilymph passing up the 

1 Owing to certain characters in the attachment of the «tape.s to tljc 
piembrane of the fenestra ovalis on the one hand, and to the os orbicnlare 
TO the other, the movements of the foot of the stapes in the fenestra 
ovalis are somewhat x^eculiar; but the details of these as well as the 
functions of the peculiar articulation of the incus with the malleus, have, 
for simplicity’s sake, been omitted. 
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scnk vestibuli, and down ^he scala tympani, reach at last 
iiienibrano covering the fenestra rotunda and throw 
this into vibration ; and fis a mattor of fact it has been 
observed that when the membrane of the fenestra ovalis 
moves inward, that of the fenestra rotunda moves out- 
wards, and vice versa, 

Tlie vibrations of the perilymph thus produced will 
afiect the endolymph, and this the hairs, and so the 
auditory epithelium of the labyrinth and cochlea ; by 
which, finally, the auditory nerves will be excited. 

(vii) The Muscles of the Tympanum. — The char- 
u-cters of the vibration of a membrane, and the readiness 
with which it takes up or lesponds to, aerial vibrathms 
reaching it, are largely modified by its degree of tension ; 
the membrane acts differently when it is tightly stretched 
from what it does when it is loose. Now% within the 
ciivity of the tympanum are two small, but relatively 
strong muscles. One, called the stapedius, passes from 
the floor of the tym])anum to the foot oT the stapes and 
the orbicular bone, the other, the tensor tympani, from 
the front wall of the drum to the malleus. Each of the 
muscles when it contracts tightens the membrane to which 
it is thus indirectly attached, the tensor tympani, the 
membraim of the diaim, and the stxipedius, the membrane 
of the fenestra ovalis. The effect of thus tightening the 
mombrano is probably to restrict the vibrations of the 
iiiemlmine, at least as far as concerns grave, or low-pitclied 
sounds ; Iflit the complete action of these muscles is too 
intricate to be dwelt on here. 

(viii) The External Ear. — The outer extremity of the 
external meatus is surrounded by the conchiU or external 
ear (Co. Fig. 123), a broad, peculiarly-shaped, and for 
the most l>art cartilaginous plate, the general plane of 
which is at? right angles with that of the axis of the au- 
ditory opening. The concha can be iiioved by most animals 
and by some human beings in various directions by means 
of muscles, which pass to it from the side of the head. 
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(ix) The Transmission of tSound Waves to the 
Inner Bar. — The manner in which the complex apparatus 
now described intermediates between the physical agent, 
which is the primary cause of the sensation of sound, and 
the nervous expansion, the aftection of which alone can 
excite that sensation, must next be considered. 

All bodies which produce sound are in a state of vibra- 
tion, and they communicate the vibrations of their own 
substance to the air with which they are in contact and 
thus throw that air into waves, just as a stick waved 
backwards and forwards in water throws the water into 
waves. 

The aerial waves, produced by the vibrations of sono- 
rous bodies, in part enter the external auditory passage, 
and in part strike upon the concha of the external ear and 
the outer surface of the head. It may be that some of the 
latter impulses are transmitted through the solid struc- 
ture of the skull to the organ of hearing ; but before they 
reach it they must, under ordinary circumstances, have 
become so scanty and weak, that they may be left out of 
consideration. 

The aerial waves which enter the meatus all impinge 
upon the membrane of the drum and s§t it vibrating, 
stretched membranes, especially such as have the form 
and characters of the tympanic membrane, taking up 
vibrations from the air with great readiness. 

The vibrations thus set up in the membrane of the 
tympanum are communicated, in part, to the air contained 
in the drum of the ear, and, in part, to the malleus, and 
thence to the other auditory ossicles. 

The vibrations communicated to the air of the drum 
impinge upon the inner wall of the tympanum, on the 
greater part of which, from its density, they can produce 
very little effect. Where this wall is forme^d by the 
membrane of the fenestra rotunda the communication of 
motion must necessarily be greater. All these vibrations, 
however, may probably be neglected. 



VTiT THE FUNGTiOK OF THE OSSICLES 


The vibrations which age communicated to the malleus 
and the chain of ossicles may he of two kinds : vibrations 
of the particles of the bones, and vibrations of 
the bones as a whole. If a beam of wood, freely 
suspended, be very gently scratched with a pin, its 
])articles will be thrown into a state of vif)ration, 
as will be evidenced by the sound given out, but the 
beam itself will not be visibly moved. Again, if a strong 
wind blow against the beam, it will swung bodily, without 
any vibrations of its particles among themselves. On 
the other hand, if the beam be sharply struck with a 
hammer, it will not only give out a sound, showing that 
its particles are vibratiAg, but it will also swing, from the 
impulse given to its whole mass. 

Under the last-mentioned circumstfmces, a blind man 
standing near the beam would be conscious of nothing 
but the sound, the product of molecular vibration, or 
invisible oscillation of the particles of the beam ; while 
a deaf man in the same position would be aware of 
nothing but the visible oscillation of the beam as a 
whole. 

Thus, to return to the chain of auditory ossicles, while 
it may be supposed that, when the membrane of the 
drum vibrates, those may be set vibrating both as a 
whole and in their particles, the question arises whether 
it is the large vibrations, or the minute ones, wdiich make, 
themselves obvious to the auditory nerve which is in the 
position o^ our deaf, or blind, man. 

The evidence is distinctly in favour of the conclusion, 
that it is the vibrations of the bones, as a whole, which 
are the chief agents in transmitting the impulses of the 
aerial waves. 

For, in the first place, the disposition of the bones and 
the mode of their articulation are very much against the 
transmission of molecular vibrations through their sub- 
stance, but, on the other band, are extremely favourable 
to their vibration en masse. The long processes of the 
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malleus and incus swing, like a jiendulum, upon the axis 
furnished by the short processes of these bones ; while 
the mode of connection of the incus with the stapes, and 
of the latter with the membrane of the fenestra ovalis, 
allows the foot-plate of that bone free play, inwards and 
outwards. In the second place, the total length of the 
chain of ossicles is very small compared with the length 
of the waves of audible sounds, and physical considera- 
tions teach us that in a like thin rod, similarly capable 
of swinging en masae, the minute molecular vibrations 
would be inappreciable. Thirdly, direct experiments, 
such as attaching to the stapes of a dissected ear a 
light style, the movements of which are recorded on a 
travelling smoked glass plate or in some other way, show 
tliat the chain of ossicles does actually vibrate as a whole, 
and at the same rate as the membrane of the drum, 
when aerial vibrations strike upon the latter. 

Thus, there is reason to believe that when the tym- 
panic membrane is set vibrating, it causes the process of 
the malleus, which is fixed to it, to swing at the same 
rate ; the head of the malleus consequently turns through 
a small arc on its pivot, the slender process. But, as 
stated on p. 380, the turning of the head of the malleus 
involves the simultaneous turning of the head of the 
incus upon its pivot, the short process. In consequence 
the long process of the incus also swings at the same 
rate. The length of the long process of the incus, 
measured from the axis, on which the two bones turn, 
is less than that of the handle of the malleus ; hence the 
end of it moves through a smaller space. The arc through 
which it moves has been estimated as being equal to about 
two-thirds of that described by the handle of the malleus. 
The extent of the push is thereby somewhat diniinished, 
but the force of the push is proportionately increas^ ; 
in so confined a space this change is advantageous. The 
long process of the incus, however, is so fixed to the 
stapes, and the stapes so attached to the membrane of 
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the fenestra ovalis, thai the incus cannot vibrate without 
ttirowing into vibrations, to a corresponding extent and 
at the same rate, the membrane of the fenestra ov^alis.^ 
But every vibration, every pull and push, impart^ a 
corresponding set of shakes to the perilymph, which fills 
the bony labyrinth and cochlea, external to the mem- 
branous labyrinth and canalis cochlearis. These shakes 
are communicated to the endolymph in the latter 
chambers, and, by the help of the modified auditory 
epithelium described above, stimulate the delicate endings 
of the vestibular and cochlear divisions of the auditory 
nerve. 

(x.) The Conversion of Sonorous Vibrations into 
Sensations of Sound. — We do not at present know 
what kind of changes the vibrations of the endolymph 
give rise to in the epithelial cells of the macuke of the 
utriculus and sacculus, of the crests of the ampullm, and 
of the organ of Corti ; nor do we at present know the 
exact way in which the changes thus set up in these 
epithelial cells are able to excite the terminal filaments 
of the auditory nerve. But there can be no doubt of 
the fact that the elaborate apparatus of the cochlea and 
the simpler appiratus of the labyrinth are able to translate, 
so to speak, the sonorous vibrations which reach them 
into stimulations of neive fibres, the molecular changes 
of which are transmitted along the auditory nerve as 
auditory nervous impulses. Passing along the auditory 
nerve, tiiese molecular changes, these nervous impulses, 
reach certain parts of the brain, situated in the cortex 
of the temporo-sphenoidal lobe, below the fissure of 
Sylvius (see Lesson XI,), and there in turn set up 
those molecular disturbances of nervous matter which 
form the immediate cause of the states of feeling 
called “sounds.’’ Thus the auditory nerve may be 
said, and a similar statement may be made in the 
case of the other nerves of special sensations, to be 

1 See foot-note, p, 380. 
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provided with two “ end-organs/’ «There is the periphe- 
ral end-organ (the apparatus of the coclilea and laby- 
rinth), by whicl^ the j.>hysical agent is enabled to excite 
the Sensory nerve-flijres ; and there is the central end- 
organ, in the brain, in which the nervous impulses of 
the sensory nerve excite the special state of feeling which 
we call the special sensation. The central end-organ of 
hearing is often spoken of as the auditory sensorium. 

Between the sounding body and the actually hearing a 
sound there is a chain of events of different kinds. There 
are the vibrations started by the sounding body, and 
passing through the air, the tympanum, the perilymph, 
and the endolymph ; these are all of one order. Then 
there are the changes in the peripheral end-organ, in the 
apparatus of the cochlea and labyrinth ; these are of 
another order. Then follow the molecular disturbances 
travelling along the auditory nerve : these are of still 
another order. Lastly, there are the changes in the 
central end-organ, in the brain ; these, though resembling 
the preceding in so far as they are changes of nervous 
matter, are yet of still another order, and probably com- 
prise in themselves a whole series of events, the conse- 
quence of the last of which is the sensation of sound. 

(xi.) The Respective Functions of the Membranous 
Itabyrinth and the Or^an of Corti. — The differences 
between the functions of the membranous labyrinth (to 
which the vestibular nerve is distributed) and those of 
the cochlea are not quite certainly made out, but the 
following view has been suggested ; — 

Every sound consists, ^ we have seen, of vibrations. 
Sometimes the vibrations are repeated with great regu- 
larity ; and sounds, in which the regular recurrence of 
the same vipfeations is conspicuous, are called “ musical 
sounds.” Sometimes no regular repetition of vibrations 
can bp recognised ; the sound consists of vibrations, few 
of wMch are like each other, and which fall irregularly on 
the ear ; such sounds are called noises.” 
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When we listen to niwsical sounds, each set of regularly 
re])eated vibrations generates in the central end-organ a 
})articular kind of sensation which w^e call a tone ; and the 
simultaneous or successive production of different tone- 
sensations gives rise in us to the feelings which we speak 
of as those of harmony or melody. 

When we listen to a noise the vibrations generate 
sensations which are of a certain intensity, according to 
which we call the noise slight or great, low or loud, and 
which also have certain characters by which we recognise 
the kind of noise ; but the sensations have not the quali- 
ties of tone-sensations, and do not give rise to feelings of 
melody or harmony. ' , 

^^nd it has been suggested that the arrangements of 
the cochlea are such that musical sounds are enabled to 
excite the cochlear nerve, and to generate in the central 
end-organ connected with it sensations of tone ; while 
the arrangements of the labyrinth and the central end- 
organ of the vestibular nerve are such as to be readily 
affected by noises. 

Such a view is not without difficulties ; but the follow- 
ing considerations render it probable that the cochlea at 
least is adapted for the appreciation of musical sounds. 

* A pure musical sound consists of a series of vibra- 
tions repeated with exact regularity, the number of 
vibrations occurring in a given time, e.g, in a second, 
determining what is called the pitch of the “note.” But 
ordinary musical sounds are, for the most part, not simple, 
consisting of one set of vibrations, but compound, con- 
sisting of several sets of vibrations occurring together ; 
in these musicians distinguish one set, called the funda- 
mental tone, and other sets, varying in intensity or 
loudness, called overtones. 

A tuning-fork, when set vibrating, vibrates with a 
given rapidity ; and the note given out is determined by 
the rapidity of the vibration, by the number of vibrations 
repeated, for instance, in a second; hence every tuning-fork 

ri o 2 
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has its own proper note. Now, a Cuning-fork will be set 
vibrating if its own particular note be sounded in its neigh- 
bourhood, but not if other notes be sounded. Hence, 
when pure musical note is sounded close to a number of 
tuning-forks of different pitch, only that tuning-fork the 
pitch of which is the same as that of the note sounded is 
set vibrating ; the others remain motionless. When an 
ordinary musical sound, such as a note sung by the human 
voice, is produced among such a group of tuning-forks, 
several are set vibrating ; one of these corresponds to the 
fundamental tone, and the others to the various overtones 
of the sound. Similarly, if the top of a piano be lifted up 
or removed, and any one sings into the wires with sufficient 
loudness, a note, such as the tenor c, a number of the wires 
will be set vibrating, one corresponding to the fundamental 
tone, and the others to the overtones. 

If we were to imagine an immense number of tuning- 
forks, each vibrating at different periods, so arranged that 
each fork, when vibrating, in some way or other stimulated 
or excited a minute delicate nerve-filament attached to it, 
it is obvious that a musical sound uttered near these 
tuning-forks would set a certain number of them into 
vibration, some more forcibly than others, and that in 
consequence a certain number, and a certain number only, 
of the delicate nerve-filaments would be excited, and that 
to various degrees ; and thus a particular series of nervous 
impulses, the counterpart as it were of the musical sound 
with its fundamental tone and overtones, would be trans- 
mitted along the nerve filaments to the brain. 

And it is suggested that the basilar membrane of 
the cochlea, consisting as it does of thousands of fibres 
stretching across from the inside to the outside (from left 
to right in Fig. 122), with its thousands of epithelial cells 
and rods of Corti lying upon it, represents, as it were, an 
assemblage of thousands of tuning-forks, of various rates 
of vibration, with a sejparate nerve filament attached to 
each. So that, a number of vibrations of different 
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periods, such as constiilutes an ordinary musical sound, are 
transmitted by the tymjmnum to the cochlea, these as 
they sweep along the canalis cochlearis throw into sym- 
pathetic movement those jmrts, and those parts only, of 
the basilar membrane with their overlying epithelium and 
rods of Corti whose j)eriods of vibration correspond to 
their own vibrations, and thus excite cerbiin nerve fila- 
ments, and these only. It is this excitement of a group 
of neiwe filaments, some more intensely than others, 
which reaching the brain, gives rise to the sensation 
which we associate with the particular musical sound. 

As has been already stated, we know very little definitely 
about the position in the brain of, and still less about the 
n^iture (»f, the auditory sensorium or central end-organ of 
the auditory nerve ; but it may be conceived that each 
filament of the cochlear nerve is connected with a par- 
ticular portion of the neinous matter of the central end- 
organ, in such a way that the molecular movements of one 
of these particular portions of nervous matter, bnmght 
about by a molecular disturbance reaching it through its 
appropriate filament, i>roduces a psychical effect of one 
kind only, more or less intense it maybe, but still always 
of one kind. If this be so, each cochlear fibre or filament 
«nay ])e ct)nsidered as being j>rovided with two end-organs : 
one, peripheral, in the organ of Corti, capable of being set 
in motion by vibrations of one quality only ; the other, 
centra^, in the brain, capable of producing a i)sychical effect 
of one quality only. It does not follow, however, that we 
are distinctly and separately conscious of the nervous dis- 
turbance in each central end-organ, it does not follow 
that we have as many distinct and separate kinds of 
conscious sensation as there are peripheral and central 
end-organs, though how many sqch distinct kinds of 
sensation we nmy have we do ndt know. Just as the 
peripheral mechanism sifts out the several vibrations of 
which a musical sound is composed, and transmits them 
separately, so, by a reverse operation, the central mech- 
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anism probably pieces together the nervous disturbances 
of a number of central end-organs, and thus produces a 
sensation whose characters are determined by a com- 
bination of the nervous disturbances taking jdace in eacli 
end-organ. 

Some such a view is indeed exceedingly probable ; but 
it must be remembered that we do not at present at all 
understand the exact mechanism by wliicli each particular 
vibration excites its corresponding nerve filament. The 
nerve filaments api>ear to end in tiie epithelial cells bear- 
ing short hairs, which lie on each side of the rods of Corti ; 
and we may therefore conclude that these “hair-cells” 
have some share in producing the effect. But the whole 
matter is at present very obscure ; the functions of the 
rods of Corti are particularly difficult to understand ; for, 
these do not seem in any way connected with the nerve 
filaments, and their movements can only affect the latter 
by influencing in some way the hair-cells. 

The fibres of the cochlear nerve, or their endings in the 
brain itself, may be excited by internal causes, such as 
the varying pressure of the blood and the like : and in 
some persons such internal influences do give rise to 
veritable musical spectra, sometimes of a very intense 
character. But, for the appreciation of music produced 
external to us, we depend upon the organ of Corti being 
in some way or other affected by the viljrations of the 
fluids in the cochlea. 

In addition to serving as a portion of the organ of 
hearing for purely auditory purposes, the semicircular 
canals play an important part in connection with the 
maintenance of the equilibrium of the body. But this 
important function, so wholly different from that of 
hearing, will be best considered when we come in Lesson 
XI. to study the actiofis of the brain. 

(xii) Itocalisation of Sound.— The apparatus of the 
oar which we have described, provides us simply with 
auditory sensations ; enables us to appreciate high notes 
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and low notes, to discriminate !)etween musical sounds 
and noises. Experience then enables us to base upon 
these sensiitions certain conclusions as to the nature of 
the source which is giving rise to each sound. The con- 
clusions wo thus arrive at are usually more or less accurate. 
But sounds may be coming to us in different directions 
and from different distances, and Avhen wo endeavour to 
form some estimate of either the one or the other of these 
possible differences we find our means of doing so are very 
imperfect. As to our estimate of the distance from which 
a sound is coming, we are guided chiefly by its varying 
intensity coupled with ])revious experience and a know- 
ledge of the laws which connect varying intensity with 
ttie different distances of the source. For the discrimina- 
tion of the direction from which a sound is coming, we have 
to rely almost entirely on the different effect the sound 
I)roduccs on each of our two ears, according as it falls 
more directly into one of them than into the other. Thus 
when we are endeavouring to localise a source of sound, 
we usually turn the head into various positions until we lind 
one position in which the sound is loudest as it fails into 
one ear, and then we assume that the sound is coming 
along a line directed straight into that. ear. In animals 
•with large and movable external ears, the movement of 
the ear to a great extent takes the place of the movement 
of the head ; this may be readily observed in an animal 
such as the horse. 

Anything which interferes wdth the ordinary laws of 
transference of sound causes us to form a wrong judgment 
as to the distance of the source, as in the case of listening 
to speech through a telephone or in a phonograph. 
Similarly, it is difficult to estimate the distance of the 
source of a sound heard through a snow storm. .Again, 
in ventriloquism our judgment is upset, not only as 
regards the nature of tlie source of sound, but also of its 
distance and direction, by carefully planned simulation 
and suggestion. 
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(xiii) The Functions of the T^mpAhic Muscles and 
Bustachian Tube. — It has already been explained that 
the stapedius and tensor tympani nuiscles are competent 
to tighten the membrane of the fenestra ovalis and 
that of the tympanum, and it is probable that they come 
into action when the sonorous impulses are too violent, 
and would produce too extensive vibrations of these mem- 
branes. They may therefore be of use in moderating the 
effect of intense sound, in much the same way that, as we 
shall find, the contraction of the circular fibres of the iris 
tends to moderate the effect of intense light in the eye ; 
they may, however, have other purposes. 

The function of the Eustachian tube is, probaldy, t(j 
keep the air in the tympanum, or on the inner side of the 
tympanic membrane, of about the same tension as that on 
the outer side, which could not always be the case if the 
tympanum were a closed cavity. The unpleasant sensa- 
tion often experienced, as of a “tightness” in the ear, 
when diving under water, is due to the compression of 
the air in the tympanic cavity und|p[‘ the increased external 
pressure. It may be largely removed by merely performing 
the movements of swallowing. By these movements the 
end of the Eustachian tube which opens into the pharynx 
is opened and the j)ressure on the two sides of the. 
tympanum is equalised. 



LESSON IX 

THE ORGAN OF SIGHT 
1. The General Structure of the Eye.—Eveiy sense- 

oi'gaii consists of two jmrts ; the esHentinl party consisting 
of the structures in which the sensory nerve sup];)lied to 
the organ terminate, and in which the impulses which 
pass up that nerve are generated, and the aere^sory party 
arranged so as to bring the agent, which atfects the organ, 
to bear upon the essential part. In the case of the sense- 
organs so far described, we dealt tirst , with the essential 
part, and then with the accessory arrangements. But in 
the aise of the eye, the accessory structures are so com- 
plicated and their action so striking that they seem, at 
tirst sight, to form the greater })art, of the whole sense- 
organ. Hence we may, perhaps with advantage, consider 
the accessory parts first, and then pass on to the essential 
structures. 

The accessory organs, by means of which the physical 
agent ot’ vision, light, is enabled to act upon the expan- 
sion of the optic nerve, comprise three kinds of appar- 
atus : (a) a water camera^;” the eyeball; (6) muscles 
for moving the eyeball ; (c) organs for protecting the 
eyeball, viz. the eyelids, with then lashes, glands, and 
muscles ; the conjunctiva ; and the lachrymal gland and 
its ducts. 

The ball, or globe, of the eye is a globular body, moving 
freely in a chamber, the orbit, which is furnished to it 
by the skull. The optic nerve, the root of w’hich is in 
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the brain, leaves the skull by « hole at the back of the 
orbit, and enters the back of the globe of the eye, not in 
the middle, but on the inner, or nasal, side of the centre. 
Having pierced the wall of the globe, it spreads out into 
a very delicate membrane, varying in thickness from 
p^’jth of an inch to less than half that amount, which lines 
the hinder two-thirds of the globe, and is termed the 
retina. This retina is the only organ connected with 
sensory nervous fibres which can be aflected, by any 
agent, in such a manner as to give rise to the sensation 
of light. 

The eyeball is composed, in the first ]dace, of a tough, 
firm, spheroidal case consisting of fibrous or connective 
tissue, the greater part of which is white and opaciue, and 
is called the sclerotic (Fig. 126, 2). In front, however, 
this fibrous capsule of the eye, though it does not change 
its essential character, becomes transparent, and receives 
the name of the cornea (Fig. 126, 1). The front sm’face 
of the cornea is covered by an epithelium in which the 
cells are very similar and similafly arranged to those in 
the epidermis of the skin. The corneal portion of the 
case of the eyeball is more convex than the sclerotic 
p(jrtion, so that the whole form of the ball is such as 
would be produced by cutting off a segment from the 
front of a spheroid of the diameter of the sclerotic, and 
replacing this by a segment cut from a smaller, and con- 
sequently more convex, spheroid. 

The corneo-sclerotic case of the eye is kept in shape 
by what are termed the humours — watery or semi-fluid 
substances, one of which, the aqueotls humour (Fig. 
126, 7'), which is hardly more than water holding a few 
organic and saline substances in sf)lution, distends the 
corneal chamber of the eye, while the other, the vitreous 
humour (Fig. 126, 13), which is rather a delicate jelly 
than a regular fluid, keeps the sclerotic chamber full. 

The two humours are separated by the very beautiful, 
transparent doubly-convex crystalline lens (Fig. 126,12), 
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denser, and capable of • refracting light more strongly 
than either of the humours. The crystalline lens is com- 
p()sed of fibres having a somewhat complex arrangement, 


C4, 



K Fio. 120.- IIoRizoNTAi, Section of the Eyeball. 

1, cornea; 1', Conjunctiva; 2, sclerotic; 2', sheath of optic nc/ve; 
3, choEoid ; 3", rods and cones of the retina ; 4, ciliary muscle ; 4', cir- 
cular portion of ciliary muscle ; 5, ciliary process ; C, posterior chamber 
between ; 7, the iri.s and the suspensory ligament ; 7', aiitex'ior chamber ; 
8, artery of retina in the centre of the optic nerve ; centre of blind 
spot ; 8", macula liitea ; 9, ora serrata (this is of course not seen in a 
section sucli as this, but is introduced to show its position) ; 10, space 
behind the suspensory ligament (canal of Petit) ; 12, crystalline lens ; 
13, vitreous humour; 14, marks' the po.sition of tlio ciliaiy ligament; 
a a, optic axis ; b 6, line of equator of the eyeball. 


and is highly elastic. It is more convex behind than in 
fronts and it is kept in place by a delicate, but at the 
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same time strong membranous* frame or suspensory 
ligament, which extends from the edges of the lens to 
what are termed the ciliary processes of tlie choroid 
coat (Figs. 126, 5, and 128, c). In the ordinary condition 
of the eye this ligament is ke[)t tense, i.e. is stretched 
pretty tight, and the front jmrt of the lens is consequently 
flattened. 

The choroid coat is highly vascular and consists of 
blood-vessels arranged in a very complex way, bound 
together with a little connective tissue among which, 
towards its inner side, arc a number of branched connec- 



Fig. 1 * 27 .— riGMENT Cells from the Choroid Coat. 


tive tissue corpuscles whose cell-substance is loaded with 
granules of black pigment (Fig. 127). 

The choroid is in close contact with the sclerotic exter- 
nally, and internally is in contact with a layer of very 
peculiar cells, also full of pigment (Fig. 13b). But these 
cells really belong to the retina and will therefore be 
described later on (p. 419). They are separated from the 
vitreous humour by the retina only. The choroifjl Mnes 
every part of the sclerotic, except just where tho optic 
nerve enters it at a point below, and to the inner side of 
the centre of the back of the ©ye ; buh when it reaches 
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the front part of the sclerotic, it-s inner surface becomes 
raised up into a miniber t>f longitudinal ridges, with 
intervening depressions, like the criiuped frills of a lady’s 
dress, terminating within and in front by rounded ends, 
but passing, externally, into the iris. These ridges, 
which when viewed from behind seem to radiate on all 
sides from the lens (Figs. 128, c, and 126, 5), are the 
above-mentioned ciliary processes. 

The iris itself (Figs. 126, 7, and 128, a, b) is, as has 
})cen already said (p. 301), a curtain with a round hole in 
the middle, the pupil, provided with circular and radiating 
unstriped muscular fibres, and capable of having its 
C(3ntral aperture enlarged or diminished by the action of 
these fibres, the contraction of which, unlike that t»f 
other unstriped ipuacular fibres, is extremely rapid. The 
edges of the iris are firmly connected with the capsule of 
the eye, at the junction of the cornea and sclerotic, by 
tlie connective tissue which enters into the composition 
of wiiat used to be called the ciliary ligament. The 
hinder surface of the iris is covered with ceils containing 
a black pigment, similar to that of the choroid coat, and 
the different colours of eyes depend partly on the varying 
amount and distribution of pigment in these cells, but 
chiefly on pigment cells imbedded in and scattered 
throughout the substance of the iris. Unstriped muscular 
fibres, having the same attachment in front, spread back- 
wards op to the outer surface of the choroid, constituting 
the ciliary muscle (Fig. 126, 4). If these fibres 
contract, it is obvious that they will pull the choroid 
forwards ; and as the frame, or suspensory ligament of 
the lens, is connected with the ciliary processes (which 
simply form the anterior termination of the choroid), 
this pulling forward of the choroid comes to the same 
thing as a relaxation of the tension of that suspensory 
ligament, which, as we have just siiid, is in an ordinary 
condition stretched somewhat tight, keeping the front of 
the lens flattened, 



398 


ELEMENTARY PHYSIOLOGY 


LESS. 


The iris does not hang down ;perpendicularly into the 
space between the front face of the crystalline lens and 
the i)osterior surface of the cornea, which is filled by 
the aqueous humour, but applies itself very closely to the 
anterior face of the lens, so that hardly any interval is left 
between the two (Figs. 126 and 131). 

5 ^ The retina lines the interior of the eye, being placed 
'between the choroid and vitreous humour, its rods and 
cones being imbedded in the pigment epithelium lining 


c 



¥iq. 128. — ViRW OF Front Half of th^*Eyeball seen pbom behind. 

a, circular fibres ; b, radiating fibres of th^ iris ; c, ciliary processes ; 
d, choroid. The crystalline lens hits been removed. 

the former, and its inner limiting membrane touching the 
latter. 

About a third of the distance back from the front of the 
eye the retina seems to end in a wavy border called the 
ora serrata (Fig. 126, 9), and in reality the nervous ele- 
ments of the retina do end^ here, having becofne consider- 
ably reduced before this line is reached. Some of the 
connective tissue elements however pass on as a delicate 
kind of membrane at the back of the ciliary processes 
towards the crystalline lens. 
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2. Thff Eye as a Wat^-Camera.- The impact of the 

ethereal vibrations upon the sensory expansion, or essential 
part of the visual apparatus aloii^^ is sufficient to give rise 
to all those feelings, which we tefm sensations of light and 
of cA)lour, and further to that feeling of outness which 
accompanies all visual sensation. But; if the retina had 
a simple transparent covering, the vibral^ns radiating 
from any number of distinct luminous points in the 
external world would affect all parts of it equally, and 
tlierefore the feeling aroused would be that of a generally 
diffused luminosity. There would ])e no separate feeling 
(if light for each separate r^Biating point, and henpe no 
correspondence between the visual sensations anil the 
ladiating points which aror#ed them. 

It is obvious order i& produce this correspond- 

ence, or, in other words, to have distinct vision, the 
essential cq^ditiin is, that distinct luminous points in the 
external world shall be represented byMistinct feelings of 
light. Kiid since, in order to produce these distinct 
feelings, 'iVibrations must fall on separate parts of the 
retina, it follows that, for the production of distinct 
vision, some apparatus must be intefposed between the 
retina and the external world, by the action of which 
distinct luminous points in the latter shall be represented 
by corresponding points of light on the retina. 

In the eye of man and of the higher animals, this acces- 
sor?/ apparatus of vision is represented by structures which, 
taken together, act as a biconvex lens, composed of sub- 
stances which have a much greater refractive power than 
the air by which the eye is surrounded ; and which throw 
upon the retina luminous points, which correspond in 
number, and in position relatively to one another, with 
those luminous points in the &ternal world from which 
ethereal vibrations proceed towards the eye. The lumin- 
ous points thus thrown upon the retina form a picture 
of the external world — a picture being nothing but lights 
and shadows, or colours, arranged in such a way as to 
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correspond with the disposition^^of the luminous parts of 
tfio object represented, and with the (lualities of the light 
which proceeds from the^. 

'fhat a biconvex lens is competent to produce a picture 
of the external world on a properly arranged screen is a 
fact of which eve^ one can assure himself by simple 
experiments. ^|An ordinary magnifying glass is a trans- 
parent body denser than the air, and convex on both 
sides. If this lens be held at^a certain distance from 
a screen or wall in a dark rclbm, and a lighted candle be 
placed on the opposite side of it, it will be easy to adjust 
the distances of candle, lens^ and wall, in such a manner 
that an image of the flame of the candle, upside down, 
shall be throw|^ upon the ^all.*^ 

The spot on which the image is farmed ^ called a f6cus. 
If the candle be now brought nearer to the lens, the image 
on the wall will enlarge, and groW^blun*Jd and 
it may be restored fo brightness and definition bj moving 
the lens further from the wall. But if, when' the new 
adjustment has taken place, the candle be mo\%d away 
from the lens, the image will again become confused, and 
to restore it$ clearness, the lens will have to be brought 
nearer the wall, * 

Thus a convex lens forms a distinct picture of luminous 
objects, but only at the focus on the side of the lens 
opposite to the object ; and that focus is nearer when the 
object is distant, and further off when it is near. 

Suppose, however, that, leaving the candle unmoved, 
a lens with more convex surfaces is substituted for the 
first, the image will be blurred, and the lens will have to 
be moved nearer the wall to give it definition. If, on 
the other hand, a lens with less convex surfaces is sub- 
stituted for the first, it must be moved further from the 
wall to attain the same end. 

In other words, other things being alike, the more con- 
vex the lens the nearer its focus ; the less convex, the 
further oflf its focus. . 
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If the lens were madp of some extensible, elastic sub- 
stance, like india-rubber, pulling it at the circumference 
would render it flatter, and thereby lengthen its focus ; 
while, when let go again, it would become more convex, 
and of sliorter focus. 

Any material more refractive than the medium in which 
it is placed, if it have a convex surface, causevS the rays of 
light which pass through the less Refractive medium to 
that surface to converge towards a focus. If a watch-glass 
he fitted into one side of a box, and the box be 1 lieu filled 
with water, a candle may be placed at such a distance 
outside the watch-glass that an image of its flame shall 
fall on the opposite wall of the box. If, under these cir- 
cumsUinces, a doubly convex lens of glass were introduced 
into the water in the path of the rays, it would act (though 
less powerfully than if it were in air) in bringing the rays 
more quickly to a focu% because glass refracts light more 
strongly than water does. 

A caimra ohscura is a box, into one side of which a lens 
is fitted, so as to be able to slide backwards and forwards, 
and thus throw on the screen at the back of the box dis- 
tinct images of bodies at various distances off*. Hence 
the arrangement just described might be termed a ^mter 
mmera. 

The eyehill, the most important constituent^ of which 
have now been described, is, in principle, a camera of the 
kind described above — a water camera. That is to say, 
the sclerotic answers to the box, the cornea to the watch- 
glass, the aqueous and vitreous humours to the water 
filling the box, the crystalline to the glass lens, the 
introduction of which was imagined. The back of the 
box corresponds with the retina. 

But further, in an ordinary camera obscura, it is found 
desirable to have what is termed a diaphragm (that is, 
an opai^ue plate with a hole in its centre) in the 
path of the rays, for the purpose of moderating the light 
and cutting off* the marginal rays which, owing to certain 



402 


ELEMENTARY PHYSIOLOGY 


LESS. 


optical properties of spheroidal suifaces, give rise to 
defects in the image formed at the focus. 

Ip the eye, the place of this diaphragm is taken by the 
iris, which has the peculiar advantage of being self-regu- 
lating : contracting its aperture and admitting less light 
when the illumination is strong ; but dilating its aperture 
and admitting more light when the light is weak. It 
thus acts like the various “stops ” which a photographer 
uses according to the varying light. 

These changes in the pupil are brought about by the 
contractions of the circular and radiating muscle-fibres of 
the iris ; contraction of the circular or sphincter fibres 
makes the pupil smaller or constricts it, contraction of 
the radiating fibres makes it larger or dilates it. Further 
conversely relaxation of the circular fibres causes or helps 
to cause dilation, and relaxation of the radiating fibres 
causes or helps to cause constriction. Contraction of the 
circular fibres and so constriction of the pupil is brouglit 
about by means of fibres of the oeido-motor nerve, and 
contraction of the radiating fibres and »o active dilation is 
brought about by means of fibres of the sympathetic 
system arid may be induced by stimulation of the sym- 
pathetic in the neck. 

The constriction of the pupil observed when light falls 
upon the retina is a reflex action in which the optic nerve 
provides the path for afferent impulses to a centre in the 
brain lying beneath the front end of the aqueduct of 
Sylvius (see Lesson XI), and the third (oculo-motor) 
cranial nerve (see Lesson XI) provides the path for 
efferent impulses from the centre to the circular fibres of 
the iris. The dilation of the pupil when light is with- 
drawn from the retina is in the main at least due to the 
cessation of previously acting constrictor impulses. 

But the pupil, or aperture of the iris, is either con- 
stricted or dilated under many circumstances, other than 
the mere action of light and darkness on the retina. 
Thus it is constricted when the eye is accommodated for 
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near objects, during deop sleep, or after the administration 
of morphia and several other poisons, and in the early 
stages of the action of alcohol and chloroform. On the 
other hand the pupil is dilated when the eye is accommo- 
dated for distant objects, during violent muscular activity, 
during dyspntjea, after the administration of atropine 
and some other poisons, and in the later stages of the 
action of alcohol and chloroform. 

In the case of the action of many poisons the effect 
produced is due, notably in respect of atropine, to a purely 
local action on the circular (sphincter) libres of the iris. 

Rays of light passing into the eye undergo a bendini^or 
refraction (i) as they enter the eye, at the surface of the 
cornea, (ii) as they pass through the lens ; and as a 



result of this action of the cornea and lens an image of 
any ob ject in the external world is formed on the retina. 

In the water camera the image brought to a focus on 
the screen at the back is inverted ; the image of a tree for 
instance is seen with the roots upw^ards and the leaves and 
branches hanging downwards. The right of the image 
also corresponds with the left of the object and rice versa. 
Exactly the same thing takes place in the eye with the 
image focussed on the retina. It too is inverted. This 
fact often gives rise to the question, Why then do we see 
objects in the external world in an erect position and not 
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also inverted? The answer is sknple, and is given in 
Lesson X. 

3. The Mechanism of Accommodation. In the 

water camera, constructed according to the descri])ti(^n 
given above, there is the defect that no ju'ovision exists 
for adjusting the ft)cus to the varying distances of ol)jects. 
If the box were so made that its back, on which the 
image is sup])osed to be thrown, received distinct images 
of very distant objects, all near ones would })e indistinct. 
And if, fui the other Iiand, it were fitted to receive the 
image of near o})jects, at a given distance, those of either 
still nearer, or more distant, bodies would be Idurred and 
indistinct. In the ordinary camera this dithculty is 
overcome by sliding the lense.s in and out, a jnocess 
which is not compatible with the construction of our 
water camera. But there is clearly one way among 
many in which this adjustment might be effected - namely, 
by changing the glass lens ; putting in a less convex one 
when more distant objects had to be pictured, and a more 
convex one when the images of nearer objects were to be 
thrown upon the back of the box. 

But it would come to the same thing, and be much 
more convenient, if, without changing the lens, one and 
the same letis could be made to alter its convexity. This 
is w'hafi actually is done in the adjustment of the eye to 
distances. 

The simplest way of experimenting on the adjustment 
or accommodation of the eye is to stick two stout 
needles upright into a straight piece of wood, not ex£|<ctly, 
but nearly in the same straight line, so that, on applying 
the eye to one end of the piece of wood, one needle (a) 
shall foe seen afoout six inches off, and the other (5) just on 
on© side of it at twelve inches or more distance. 

If the observer look at the needle h, he will find that 
he sees it very distinctly, and without the least sense of 
effort ; but the image of a is blurred and more or less 
double. Now let him try to make this blurred image of 
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the needle a distinct, fie will find he can do so readily 
enough, but that the act is accompanied by a sense of 
effort somewhere in the eye. And in proportion as a 
becomes distinct, h will become blurred. Nor will any 
effort enable him to see a and h distinctly at the same 
time. 

Multitudes of explanations have been given of this 
remarkable power of adjustment ; but the true solution of 
the problem has been gained by the accurate determina- 
tion of the nature of the changes in the eye which 

^ 2 




A B 

Fig. 130. —Diagram of the Images of a Candle-Flame seen by Re- 
flection FROM the Surface of the Cornea and the two SurfaceS'^^ 

OF THE r.KNS. 

A, US seen when the eye is adjusted for a distant object ; B, as they 
, apijoar when the cj^e i.s fixed on a near object. 

accompany the act. When the flame of a taper is held 
near, and a little on one side of, a person’s eye, any one 
looking into the eye from a proper point of view will 
see three images of the flame, two upright and one in- 
verted. One upright bright image is reflected from the 
front of the cornea, which acts as a convex mirror. The 
second, less bright, proceeds from the front of the 
crystalline lens, which has the same effect ; while the 
inverted image, which is small and indistinct, proceeds 
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from the posterior face of the leM, which, being convex 
backwards, is, of course, concave forwards, and acts as a 
concave mirror (Fig. 130, A). 

Suppose the eye to be steadily fixed on a distant object, 
and then adjusted to a near one in the same line of vision, 
the position of the eyeball remaining unchanged. Then 
the upright image reflected from the surface of the cornea, 
and the inverted image from the back of the lens, will 
remain unchanged, though it is demonstrable that their 
size or apparent position must change if either the cornea, 
or the back of the lens, alter either their form or their 



PiQ. 131. —The Chances in the Lens in Accommodation. 


A, adjusted for distant ; B, for near objects, 
cornea ; con. conjunctiva ; scl. sclerotic ; ch. choroid ; e.p, ciliary- 
process ; C.1H, ciliary muscle ; suspensory ligament. 


position. But the second upright image, that reflected by 
the front face of the lens, does change both its size and 
its position ; it comes forward and grows smaller (Fig. 
130, B), proving that the front face of the lens has 
become more convex. The change of form of the lens is, 
in fact, that represented in Fig, 131. 

For purposes of accurate experiment it is better to 
employ the images cast by two small luminous points 
placed one above the other. In this case three pairs of 
images are seen by reflection ; and it is easier to observe 
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that the tvx) images of tjie middle pair come nearer to- 
gether when the eye in accommodated for a near object 
than it is to observe the slight movement and diminution 
in size of the single innige of a candle flame. 

These may be regarded as the farts of adjustment with 
which all explanations of that process must accord. They 
at once exclude the liypothesis (1) that adjustment is the 
result of the compression of the ball of the eye by its 
muscles, whicli would cause a change in the form of the 
cornea ; (2) that ad justment results from a shifting of the 
lens bodily, for its hinder face does not move ; (3) that it 
results from the pressure of the iris upon the front face of 
the lens, for under these circumstances the hinder face of 
the lens would not remain stiitionary. This last hypo- 
thesis is further negatived by the fact that adjustment 
takes place equally well when the iris is absent. 

But one other explanation remains, which is not only 
exceedingly probable from the anatomical relations of the 
parts, but is also sujiported by direct experimental evi- 
dence. The lens, which is very elastic, is kept habitually 
in a state of compression by the pressure exerted on it by 
its suspensory ligament, and consequently has a flatter 
form than it would take if left to itself. If the ciliary 
muscle contracts, it must, as has been seen, relax that 
ligament, and thereby diminish its pressure upon the lens. 
The lens, consequently, will become more convex ; it will, 
however, since it is highly elastic, return to its former 
shape wlfen the ciliary muscle ceases to contract, and 
allows the choroid to return to its ordinary place. 

Hence probably the sense of effort we feel when we 
adjust for near distances arises from the contraction of 
the ciliary muscle. 

4. The Limits of Accommodation. Use of Spectacles. 

—Adjustment can take place only within a certain 
range ; this, However, admits of great individual varia- 
tions. 

People possessing ordinary, or as it is called ‘ ‘ normal ” 



408 


ELEMENTARY PHYSIOLOGY 


LESS. 


sight can adjust their e^^e.s so as see distinctly objects 
as near to the ©ye as five or six inches ; but the image of 
an object brought nearer than this })ecomes blurred and 
indistinct, because the “ near limit ” of adjustment is tlien 
passed. They can also adjust their eyes for objects at a 
very great distance, the indistinctness of the images of 
objects very far off being due, not to want of proper focus- 
sing, but to the details being lost through the minuteness 
of the image. 

Some people, however, are born with, or at least come 
to possess, eyes in which the “near limit” of adjust- 
ment is much closer. Such persons can see distinctly ob- 
jects as near to the cornea a§ even one or two inches ; 
but they cannot adjust their eyes to objects .at any great 
distance off. Thus many of these “ near-sighted ” {)eo2)le, 
as they are called, cannot see distinctly the features of a 
person only a few feet off. Though their ciliary muscle 
remains quite relaxed so that the suspensory ligament 
keeps the lens as flat as possible, the arrangements of the 
eye are such that the image of an object only a few feet 
off is brought to a focus in front of the retina, somewhere in 
the vitreous humour. By wearing concave glasses these 
near-sighted people are able to bring the image of distant 
objects on to the retina and thus to see them distinctly. 

The cause of near-sightedness is not always the' same, 
but ill the majority of cases it appears to be due to the 
bulb of the eye being unusually long from back to front. 
If, in the water-camera described above, when the lens 
and object were so adjusted that the image of the, object 
was distinctly focussed on the screen, the box were made 
longer, so that the screen was moved backwards, the 
distinctness of the image on it would be lost. 

Borne people are bom really “long-sighted,” inasmuch^ 
as they can see distinctly only such objecta,as are quite 
distant ; and indeed have to contract their ciliary muscles, 
and so ma]fce their lens more convex even to see these. 
Near objects they cannot see distinctly at all unless they 
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use convex glasses. Ta such persons the bulb of the 
eye is generally teo short. 

A kind of long-sightedness also conies on in old [leople : 
but this is different from the above, and is simply due, in 
the majority of cases at all events, to a loss of power of 
adjustment. The refractive power of the eye remains the 
same, but the ciliary muscle fails to work ; and hence ad- 
justment for near objects becomes impossible, though 
distant objects are seen as before. For near objects such 



Fio. 132. 

A, the muscles of the right eyeball viewed from above, and B of the 
left eyeball viewed from the outer side ; S.R, the superior rectus ; Jnf.R, 
the inferior rectiis ; R,R, In.R, the external i-ectus ; 8. Oh. the superior 
oblique ; hif.Oh. the inferior oblique ; Vh. the chiasma of the optic 
nerv(!s (II.)* Ill, the third nerve which supplies all the muscles except 
the superior oblique and the external rectus: 


persons have to use convex glasses. They should per- 
haps be called ** old-sighted ” rather than “ long-sighted.” 

5. The Muscles of the Eyeball. — The muscles which 
move the eyeball are altogether six in number— four 
straight muscles, or recti, and two oblique muscles, the 
obliqui (!Fig. 132). The straight muscles are attached to 
the back of the bony orbit, round the edges of the hole 
through which the optic nerve passes, and run straight 
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forward to tlieir insertions intof the sclerotic — one, the 
superior rectus, in the middle line above ; one, the 
inferior, opposite it below ; and one half-way on each 
side, the external and internal recti. The eyeball is 
completely imbedded in fat behind and laterally ; and 
these muscles turn it as on a cushion ; the superior rectus 
inclining the axis of the eye upwards, the inferior down- 
wards, the external outwards, the internal inwards. 

The two ol^lique muscles, upper and lower, are both 
attached on the (mter side of the ))all, and rather behind 
its centre ; and they both pull in a direction from the 
point of attachment towards the inner side of the orbit — 
the lower, because it arises here ; the up})er, because, 
though it arises along with the redi from the back of the 
orbit, yet, after passing forwards and becoming tendinous 
at the upper and inner corner of the orbit, it traverses a 
pulley-like loop of ligament, and then turns downwards 
and outw^ards to its insertion. The action of the oblique 
muscles is somewhat complicated, but their general ten- 
dency is to roll the eyeball on its axis, and pull it a little 
forward and inward. 

By means of the contraction of these several muscles 
the eyeballs may be moved into any desired position and 
their optic axes (Fig. 126, a. a.) directed straight towards 
any object. This mobility is largely of use in diminishing 
the necessity for such frequent movements of the whole 
head as would otherwise be necessary. But the move- 
ments are also chiefly of extreme importance as ensuring 
that any object is seen as single, although there is an 
image of it on the retina of each of the two eyes. 

6. The Protective Appendages of the Eye. —The 
eyelids are folds of skin containing thin plates of carti- 
lage, and fringed at the edges with hairs, the eyelashes, 
and with a series of small glands called Meibomian. 
Circularly disposed fibres of striped muscle lie beneath 
the integuments of the eyelids, and constitute the orbi- 
cularis muscle which shuts them. The upper eyelid is 
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raised by a special muscle^ the levator of the upper lid 
which arises at the back of the orbit and runs forwards to 
end in the lid. 

The lower lid has no special depressor. 

At the edge of the eyelids the integument becomes 
continuous with a delicate, vascular and highly nervous 
mucous membrane, the conjunctiva, which lines the in^ 
tcrior of the lids and the front of the eyeball, its epithelial 
1 lyer being even continued over the cornea. The nume- 
rous small ducts of a 


gland which is lodged in 
the orbit, on the outer 
side of the ball (Fig. 133, 
L.G.), the lachrymal 
gla^nd, constantly pour 
its watery secretion into 
the interspace between 
the conjunctiva lining the 
upper eyelid and that 
covering the l)all. On 
the inner side of the 
eye is a reddish fold, 
the caruncula lachry- 
malis, a sort of rudi- 
ment of that third eye- 
lid which is to be found 
in many animals. Above 


SOS. 



Fic. 138. 

Ilie front view of tlie rig-hl eye 
dissected to show Orh. the orbicvilsir 
lausele of the eyelids ; the x)ulley 
and insertion of the sui^erior oblique, 
8. Ob., and the inferior oblique, 
Jnf.Ob. ; L.Q, the lachrymal gland. 


and below* close to the 


caruncula, the edge of each eyelid presents a minute 
aperture (the lachvijm<xle), the opening of a small 

canal. The canals from above and below converge and 
<jpen into the lachrymal sac ; the upper blind end of 
a duct (L. D . , Fig. 134) which passes down from the orbit 
to the nose, opening below the inferior turbinal bone 
(Fig. 69, h). It is through this system of canals that the 
conjunctival mucous membrane is continuous with that 


of the nose ; and it is by them that the secretion of the 
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lachrymal gland is ordinarily ct.rried away as fast as it 
forms. 

But, under certain circumstances, as when tlie con - 
junctiva is irritated by pungent vajxmrs, or when painful 
emotions arise in the mind, the secretion of the lachrymal 
gland exceeds the drainage power of the lachrymal duct, 
and the fluid, accumulating between the lids, at length 
overflows in the form of tears. 

7. The Structure of the Retina. —If the globe of the 
eye be cut in two, transversely, so as to divide it into an 
anterior and a posterior half, the retina will be seen lining 

the whole of the concave 
wall of the posterior half as 
a membrane of great deli- 
cacy, and, for the most jiait, 
of even texture and smooth 
surface. But almost exactly 
opposite the middle of the 
posterior wall, it presents a 
slight circular depression of 
a yellowish hue, the macula 
lutea, or yellow spot (Fig. 
135, m.l. ; Fig. 126, 8"),— 
not easily seen, however, 
unless the eye be perfectly 
fresh, — and, at some distance from this, towards the inner, 
or nasal, side of the ball, is a radiating appearance, pro- 
duced by the entrance of the optic nerve and the spreading 
out of its fibres into. the retina. 

A very thin vertical slice of the retina, in any region 
except the yellow spot and the entrance of the optic 
nerve, may be resolved into the structures represented 
separately in Fig. 136. The one of these (A) occupies 
the whole thickness of the section, and comprises its 
essential, or nervous, elements. The outer ^ fourth, or 

1 In the following account of the retina, the parts are described in re- 
lation to the eyeball, llius, that .surface of the retina which touches the 



FiC. 134. 

A front view of the left eye, 
with the eyelids partially dis- 
sected to .show lachrymal gland, 
L.G, and lachrymal duct, /,./>, 
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rather less, of the thicksiess of these consists of a vast 
iimltitude of minute, either rod-like, or conical bodies, 
ranged side hy side, perpondieidarly to the plane of the 
retina. This is the layer of rods and cones (6 c). 
From the front ends or bases of the rods and cones 
very delicate tihres pass, and in each is developed a 
granule-like or nucleus-like boby (/>' which forms a 



Fin. J85,— The Eyeball mvinKD tkansveksei.v in the Middle Line 

AND VIEWED FROM THE FrONT. 

•<!, sclerotic ; ch, choroid, seen in section only. 

r, the cut edges of tlic rctiiiii ; r.r, vessels of tlio retinu springing 
fiouio, the optic nerve or blind spot; mJ, the yellow spot, the darker 
spot in its middle being the fovea centralis. 


part of what has been termed the outer nuclear layer. 
It is 2jrobable that these fibres next jmss into and indeed 
form the close meshwork of very delicate nervous fibres, 


vitreous humour, and so is nearer the centre of the eyeball, is called the 
maer surface ; and that surface whirli touches the choroid coat is called 
the outer surface. And so with the structures between these two sur- 
faces ; that which is called inner is nearer the vitreous humour, and that 
which is called outer is nearer the choroid coat. Sometimes anterior, or 
front, is used instead of inner, and posterior instead of outer. 
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the outer molecular layer, which is seen at d d' (Fig. 
136, A). From the inner surface of this meshwork other 
fibres proceed, containing a second set of grannies or 
nuclei, which forms the inner nuclear layer (/ / ). 
Inside this layer is a stratum of convoluted fine nervous 
fibres, the inner molecular layer {g f/')— and inside 
this again are numerous nerve-cells {h h') constituting 
the layer of ganglionic cells. Processes of these 
nerve-cells extend, on the one hand, into the layer of 
convoluted nerve-fibres ; and on the other are continuous 
with the stratum of fibres of the optic nerve (i). 

These delicate nervous structures are supported by a 
sort of framework of connective tissue of a peculiar kind 
(B), which extends from an inner or anterior limiting 
membrane (0, which bounds the retina and is in con- 
tact with the vitreous humour, to an outer or posterior 
limiting membrane, which lies at the inner ends, or 
bases, of the rods and cones near the level of 1) c! in A . 
Thus the framework falls short of the nervous substance 
of the retina, and the rods and cones lie altogether outside 
of it, wholly unsupported by any connective tissue. They 
are, however, as we shall see, imbedded in the layer of 
pigment on which the retina rests (p. 419). 

The fibres of the optic nerve spread out between the 
inner limiting membrane Q) and the nerve -cells (/?/), and the 
vessels which enter along with the optic nerve, consisting 
of an artery which pierces the centre of the nerve (Fig. 
135), ramify between the two limiting membranes, most 
of them running between the inner limiting membrane 
and the inner nuclear layer (//'). Thus, not only the 
nervous fibres, but the vessels, are })laced altogether in 
front of the rods and cones. 

The structural appearance of the nervous elements of 
the retina and the seven “layers” into which it may be 
divided as described above is such as can be made out in 
any ordinarily stained section. Such a section tells us very 
little, except in the case of the rods and cones, as to the 
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Fig. 13G. — iIiagrammatic Views of the Nervous (A) and the Con- 
nective (B) Elements of the Retina, supposed to be separated 

FROM .ONE ANOTHER. 

A, the nervous structures — b, the rods ; c, the cones ; b'.c', the granules 
or nuclei of the outer layer, with which these are connected ; inter- 
woven very delicate nervous fibres, from which fine nervous filaments, 
bearing the inner granules or nuclei, //', proceed towards the inner sur- 
face ; g.g', the continuation of these fine nerves, which become convo- 
luted and interwoven with the processes of the nerve c-ells h.h ' ; iJ, the 
expansion of the fibres of the optic nerve. B, the connective tissue — 
( 1 .( 1 , external limiting membrane ; e.e, radial fibres passing to the internal 
limiting membrane ; e'.e\ nuclei ; d.d, the intergranular la^^cr ; (j.g, the 
molecular layer ; I, the inner limiting membrane. 

(Magnified about 250 diameters.) 
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real nature of the several structures which give to each 
layer its characteristic appearance. Still less dues it give 
any clue to the nature of the connections of the successive 



Fig. 137.— Diagkam in Illustkation of the NerVous Structure of the 
Retina. 

I— VII, the several “layers" of the retina. 
r.o, r.i, outer and inner limbs of a rod ; r.f, rod fibre ; r.n, rod nucleus ; 
r.h.p, rod bipolar cell ; c.o, c.i, outer and inner limbs of a cone ; c.f, cone 
fibre; c.n, cone nucleus ; c.h.p, cone bijwlar cell; gx, y.c, two cells of the 
ganglionic cell layer ; op.f, op.J, fibres of optic nerve. 

lay 61*8 with each other by which the funddonal continuity 
of the rods and cones with the fibres of the optic nerve 
is brought about. But by the application of very special 
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methods of staining many details have recently been 
made out which seem justify the construction of the 
following diagrammatic figure (Fig. 137) in illustration of 
the structure of the retina and of the relationships of its 
several layers. In this figure the facts of chief and 
immediate interest are those which refer to the mode of 
connection between a rod on the one hand and a cone on 
the other with the fibre of the optic nerve. 

In the case of a rod the rod-fibre (r./.) is seen to end 
in the outer molecular layer (F)as an extremel}/ minute 
knob. This knob- is surrounded by processes from the 
outer end of a rod bipolar cell {r.h.p.) whose body lies in 
the inner nuclear layer {IV). 

The inner end of this cell ends in branching processes 
which surround the body of one of the cells in the 
ganglionic-cell layer (7i), which is itself indirect continuity 
wdth a fibre of the t)f)tic nerve (op,/.). 

In the case of a cone the cone-fibre (e.f.) ends as a 
flattened expansion, from -which fine processes extend, in 
the outer molecular layer (F). Immediately below these 
processes of the base of a cone-fibre, but not actually 
continuous with them, lie the processes from the outer 
end of a cone bipolar cell (c.h.p.) whose body is again 
situated in the inner nuclear layer {IV). The inner end 
of* this cell terminates in expanded branches in the 
inner molecular layer (III), Facing these, but not in 
actual continuity with them, lie the processes from the 
outer end of one of the cells in the ganglionic-cell layer 
(II) which, as before, is itself directly connected with a 
fibre of the optic nerve. 

In this way each rod and cone is brought into relation- 
ship with a fibre of the optic nerve ; but the path of 
connection in each case shows two breaks in its structural 
continuity. In the case of a rod these breaks lie in Ihe 
outer molecular layer (F) and ganglionic layer {11) ; in the 
case of a cone they lie in the outer and inner molecular 
layers respectively (F and III), 
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Fig. 138.— a Diagrammatic Sbctiok of thk Macdla Lvtea, or 
Yellow Spot. 

a. a, the pigment of the choroid ; b.e, rods and cones ; d,d, outer 
granular or nuclear layer ; /./, inner granular or nuclear layer ; g.g, mole- 
cukr layer ; h.h, layer of nerve cells ; i.i, fibres of the optic nerve. 

(Magnified about 60 diameters.) 

In addition to the bipolar cells (r.h.p, and c.h.p,) which 
chiefly confer upon the inner nuclear layer {IV) the 
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characteristic appearance from which it derives its name, 
other cells also occur in this layer. These are shown at h. c. 
and s. ; but their relationships to the other structural 
elements of the retina are so uncertain that we must 
content ourselves with merely drawing attention to their 
existence. 

At the entrance of the optic nerve itself, the nervous 
fibres predominate, and the rods and cones are absent. 
In the yellow spot, on the contrary, the cones are abun- 
dant and close set, becoming at the same time longer and 
more slender, whil?> rods are scanty, and are found only 



Fig. 139 .— Pigmented Epithelium of the Human Retina. (Max 
S cHur.TZE.) Highly magnified. 

a, cells seen from the outer (choroidal) .surface ; two cells seen side- 
ways, with fine processes on their inner side ; c, a cell still in connection 
with the layer of rods of the retina. 

towards its margin. In the centre of the macvla lutea 
(Fig. 13.8) the layer of fibres of the optic nerve 
disappears, and all the other layers, except that of the 
cones, .become extremely thin. 

The outer ends of the rods and cones lie buried among 
certain fine processes of those pigment cells, adjacent to 
the choroid coat, to whose existence we have previously 
alluded (pp. 396, 414). When seen from the furface by 
which they are in contact with the choroid, |^ese cells 
present the appearance of small black hexagons arranged 
in a sort of mosaic (Fig. 139, a.). 
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Seen sideways each cell is foi^nd to be provided with 
long, fine, hair-like processes, which stretch in towards 
the retina and envelop the outer ends of the rods and 
cones (Fig. 139, h.c.). 

The rods and cones each consist of two parts, an outer 

limb and an inner 
limb. In the rods the 
outer limb is quite cylin- 
drical or rod-shaped, and 
is transversely striated. 
The inner limb is about 
as long as the outer, but 
bulges out slightly in its 
middle part, so that it 
forms an elongated cylin- 
der tapering at each end. 
The outer part of each 
inner limb is longitudi- 
nally striated. The inner 
end of each inner limb 
is prolonged into a fine 
filament, which carries a 
conspicuous nucleus, often 
marked transversely, and 
may be easily traced into 
the outer molecular layer 
(Fig. 140, E.), 

The outer limb of a 
cone is much shorter than 
the outer limb of a rod, 
and instead of being rod- 
shaped^ is conical and 
t% its outer point ; this outer limb is 
iy striated. The inner limb of each cone is 
an the inner limb of a rod, but of the same 


o.rn.I. 



R. 0»' 


Rod and 


Fig. 140 .— Diagram or 
OF a Cone. 

R, rod ; C, cone ; o, outer limb ; i, 
inner limb *, e.l.m, external limiting 
membrane of retina ; o.m.l, outer 
molecular layer of retina. 


tapering 
transvei 
thicker 

general shape. It is striated longitudinally in its outer 
part and carries a large nucleus from which a thick fibre 
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passes straight into th® outer molecular layer of the 
retina (Fig. 140, 0.). 

8. The Sensation of Light. — The most notalile 
property of the retina is its power of converting the 
vibrations of etlier, which constitute the physical basis of 
light, into a stimulus to the fibres of the optic nerve. 
The central ends of .«these fibres are connected with 
certain parts of the brain which constitute the visual 
sGiisorivni, just as other parts, as we have seen, constitute 
the auditory sensorium. The molecular disturbances set 
u}) in the filires of fiie optic nerve are transmitted to the 
substance of the visual sensorium, and produce changes 
in the latter, giving rise to the state of feeling which we 
call a sensation of light. 

The sensation of light, it must be understood, is 
the work of the visual sensorium, not of the retina ; 
for, if certain parts of the brain be destroyed or 
affected, no sensation of light is possible even though 
the retina and indeed the whole optic nerve be intact ; 
blindness is the result, because the visual sensorium 
cannot work. 

Light, falling directly on the optic nerve, does not 
excite it ; the fibres of the optic nerve, in themselves, are 
as .blind as any other part of the body. But just as the 
})eculiar hair cells of the labyrinth, and the organ of 
Oorti of the cochlea, are contrivances for converting 
the delicate vibrations of the perilymph and endolymph 
into impulses which can excite the auditory nerves, 
so the structures in the retina appear to be adapted 
to convert the infinitely more delicate pulses of the 
luminiferous ether into stimuli of the fibres of the optic 
nerve. 

9. The “Blind Spot.” — The sensibility of the different 
parts of the retina to light varies very greatly. The point 
of entrance of the optic nerve is absolutely blind, as may 
be proved by a very simple experiment. Close the left 
eye, and look steadily with the right at the cross on 
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the page, held at ten or twelve inches distance from 
the eye. 





The black dot will be seen quite plainly, as well as the 
cross. Now, move the book slowly to\vards the eye, which 
must be kept steadily fixed upon the cross ; at a certain 
point the dot will disappear, but, as the book is brought 
still closer, it will come into view again. It results from 
optical principles that, in the first position of the book, 
the image of the dot falls between that of the cross 
(which throughout lies upon the yellow spot), and the 
entrance of the optic nerve : while, in the second position, 
it falls on the point of entrance of the optic nerve itself ; 
and, in the third, it falls on the other side of that point. 
The three positions of the dot and cross, and of the 
resulting images of each on the retina, are shown in the 
accompanying figure, 141. 

So long as the image of the spot rests upon the entrance 
of the optic nerve, it is not perceived, and hence this 
region of the retina is called the blind spot. The experi- 
ment proves that the vibrations of the ether are not able 
to excite the fibres of the optic nerve itself. 

10. The Duration of a Luminous Impression.— The 
impression made by light upon the retina not only remains 
during the whole period of the direct action of the light, 
but has a certain duration of its own, however short the 
time during '^yhich the light ilseif lasts, A flash of light- 
nii^ is, practically, instantaneous, but the sensation of 
light produced by that flash endures for an appreciable 
period. It is found, in fact, that a luminous impression 
lasts for about one-eighth of a second j whence it follows, 
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that if any two luminous impressions are separated by a 
less interval, they are not distinguished from one 
another. 

For this reason a “ Catherine-wheel,” lighted stick 
turned round very rapidly by the 
hand, appears as a circle of fire ; and 
the spokes of a coach wheel at 
speed are not separately visible, 
but only appear as a sort of ojmcitj^, 
or film, within the tire of the 
wheel. 

The same fact is made use of in 
the production of the ‘ ‘ animated 
photographs” which are now so 
perfectly shown. A series of in- 
stantaneous photographs of some 
object in motion, taken at the rate 
of many per second, is printed on 
a long transparent film of celluloid. 

The film is then passed through a 
magic-lantern at such a rate that 
not less than ten of the consecutive 
photographs are projected on to 
tlije screen in each second. At this 
rate, the impression produced by 
one photograph has not had time 
to die out before the next one pro- 
duces iJs slightly different later 
effect. , The result is that the 
consecutive pictures on the screen 
blend in succession one into the 
other and so reproduce the appear- 
ance of the original moving object. 

11. Sensations of Light Produced without the 
Action of Light. — The sensation of light may be excited 
by other causes than the impact of the vibrations of the 
luminiferous ether upon the retina. Thus, an electric 
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shock sent through the eyebalt may give rise to the 
appearance of a flash of light : and pressure on any 
part of the retina produces a luminous image, which 
lasts as longi^ the pressure, and is called a phos- 
phene. If the point of the finger be pressed upon the 
outer side of the ball of the eye, the eyes being shut, a 
luminous image — which, in most cases, is dark in the 
centre, with a bright ring at tli§ circumference (or, as 
Newton described it, like the “eye” in a peacock’s tail- 
feather) — is seen ; and this image lasts as long as the 
pressure is continued. 

The sensation of light is, as already explained, the 
work of those parts of the brain which, as the visual 
sensorium, respond to the impulses reaching them 
through the optic nerve. The retina is the means of 
supplying the impulses to the sensorium and may be made 
to do so by light ordinarily, but also by other kinds of 
stimulation. But the visual sensorium itself may at 
times be affected by influences other than those which 
reach it from the retina. In this case also (subjective) 
luminous sensations of the most vivid and startling kind 
may be experienced, which give rise to delusive judgments 
of the most erroneous kind (see p. 437). 

12. The Functions of the Rods and Cones. — The 
last paragraph raises a distinction between the ‘ ‘ fibres of 
the optic nerve ” and the “retina” which may not have 
been anticipated, but which is, of much importance. 

We have seen that the fibres of the optic nerve ramify 
in the inner fourth of the thickness of the retina, while 
the layer of rods and cones forms its outer fourth. The 
light, therefore, must fall first upon the fibres of the optic 
nerve, and, only after traversing them, can it reach the 
rods and cones. Consequently, if the fibrillfB of the optic 
nerve themselves are capable of being affected by light, 
the rods and cones can only be some sort of supple- 
mentary optical apparatus. But, in fact, it is the rods and 
cones which are affected by light, while the fibres of the 
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optic nerve are themselvfis insensible to it. The evidence 
on which this statement rests is : — 

(i) The blind spot is full of nerve fibres, but has no 
cones or rods. 

(ii) The yellow spot, where the most acute vision is 
situated, is full of close-set cones, but has no nerve 
fibres. 

(iii) If one goes into a dark room with a single small 
IjT'ight candle, and, looking towards a dark wall, moves 
the light up and down, close to the outer side of one eye, 
so as to allow the light to fall very obliquely ihto the eye, 
one of what are called Purkinje’s figures is seen. 
This is a vision of a series of diverging, branched, dark, 
sometimes reddish, lines on an illuminated field, and in 
the interspace of two of these lines is a sort of cup-shaped 
disk. The branched lines are the images of shadows 
thrown by the retinal blood-vessels, and the disk is that 
of the shadow throl^n by the edge of the yellow spot. 
As the candle is moved up and down, the lines shift their 
position, as shadows do when the light which throws them 
changes its place. 

Now, as the light falls on the inner face of the retina, 
and the images of the vessels to which it gives rise shift 
thejr position as it moves, whatever constitutes the end- 
organ, through which light stimulates the fibres of the 
optic nerve, must needs lie on the other, or outer, side of 
the vessels. But the fibres of the optic nerve lie among 
the vessel, and the only retinal structures which lie out- 
side them are the nuclear layers and the I'ods and cones. 

(iv) Just as, in the skin, there is a limit of distance 
within which two points give only one impression, so there 
is a minimum distance by which two points of light falling 
on the retina must be separated in order to appear as 
two. And this distance corresponds pretty well with the 
diameter of a cone. 

The image of the retinal blood-vessels may be also very 
readily seen by looking at a bright surface, such as the 
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frosted globe of a burning lanir^ or a white cloud on a 
sunny day, through a pinhole in a card. When the card 
is moved rapidly from side to side, but so as to keep the 
pinhole always within the limits of the width of the pupil, 
the retinal blood vessels are “ seen” as a fine branched 
network of black lines in the bright field of vision. 

13. Sensations of Colour and Colour-blindness.— 
We have spoken of the eye so far simply as the instru- 
ment by which luminous sensations arise when the retina 
is stimulated ; as an instrument which enables us to 
appreciate tbe position of a source of light, and differences 
in the intensity of the light which it emits or reflects, and 
hence to perceive objects in the world around us as 
regards their position, shape and size. But the objects 
we see are characterised by something more than mere 
shape and size ; they differ also in respect of what we 
call their colour. 

When we look at a rainbow we ar6 conscious of seven 
broadly distinct kinds of colour-sensations ; these are red, 
orange, yellow, green, blue, indigo-blue and violet, and 
when ordinary white light is passed through a prism and 
then allowed to fall into the eye we experience the same 
seven coloured sensations. The prism has, in fact, resolved 
the light into its several coloured constituents, and these 
are known as the “colours of the spectrum.” Each 
colour which we recognise as such is characterised, just 
as in the case of sounds, by certain qualities ; these are 
(i) Hue, or colour as we ordinarily use the word to 
denote what we call reds, greens, blues and so on. This 
quality is dependent on the wave-length of the ethereal 
vibrations which are giving rise to the sensation, and 
hence corresponds to the “ pitch of a sound, (ii) In- 
tensity or brightness. This depends on the amount 
of light which falls on the retina in a given time and 
corresponds to the loudness of a sound, (iii) Saturation, 
or the amount of admixture with white light. Thus we 
speak of a colour as being “pale” if mixed with much 
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white and as being “ de^p,” “rich,” or “full” if highly 
saturated, i.e. unmixed with white. 

The colours of objects depend on the power they possess 
of absorbing some of the constituents of ordinary white 
light and allowii^ others to pass or to be reflected. Thus 
a piece of glass is red if it allows the red rays to pass to 
the eye and stops the others. Similarly the colour of an 
opaque red object is due to an absorption of the spectral 
colours other than red by the superficial layer of the 
object and the reflection of the unabsorbed red rays from 
its internal parts. 

When white light has been split up into its coloured 
constituents by means of a prism, these may be gathered 
up again by a second prism, suitably placed, and 
recombined to make white light. In this experiment the 
several colours of the spectrum are mixed once more after 
having been sorted out or separated, and the mixing is a 
physical process. But colours may also be mixed physio-^ 
logicidlyhy taking advantage of that persistence of luminous 
impressions to which we have already drawn attention 
(p. 423). Thus if the several colours of the spectrum are 
painted in sectors on a circular disc and thb disc is made 
to spin rapidly round its centre, the sensations due to 
eacji .colour are blended together and the disc appears ^ 
white. The instrument used in this mode of mixing 
colours is called a ^'‘colour top^’ and the principle it 
embodies will be not unfamiliar to most people in the 
form of a common toy. 

By the use of a colour top it is at once possible to mix 
not merely all the spectral colours but any two or three 
of them. Experimenting in this way with pairs of 
colours we find that there are several pairs which when 
mixed give rise to the sensation of white : thus red and 
green, orange and blue, yellow and indigo-blue, greenish- 
yellow and violet. Colours which when mixed in this way 
in pairs give white are known as complementary 
colours, and every colour has some other colour which 
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is complementary to it. If instea^l of mixing the colours in 
pairs we mix them in threes, then it becomes still more 
easy to produce a resultant white. Thus by mixing red, 
green and blue, with due regard to the relative amount 
and intensity of each, an excellent white is readily 
obtained. But these three colours enable us to do more 
than merely produce white. By properly adjusting the 
proportions of each on the disc of the colour-top we can 
easily produce an orange and a yellow, as also a violet. 
In other words these three colours and their mixtures 
give rise to all the several kinds of colour-sensation 
which we derive from a spectrum. Further, by suitable 
mixture of these colours, together with white or black, 
we can produce the other colours which we see in natural 
objects around us but which are wanting in the spectrum. 
Thus purple is extremely common in the world and can 
be made at once by mixing red and blue. Hence these 
i^hree colours have come to be regarded as primary 
colours, and we may speak of the sensations to which 
they give rise as primary sensations. 

The foregoing considerations lead at once to the view 
that all our seffsations of colour may be regarded as the 
outcome of a very limited number (three) of simple or 
.primary sensations corresponding to red, green and 
blue. In accordance with this fact a theory has been 
put forward ^ that there are in the visual apparatus three 
kinds of nervous structure of which each corresponds to 
one of the primary colours and is most easily set in action 
by one of these colours. Thus the stimulation of one 
of them gives rise to one of the primary sensations, the 
simultaneous stimulation of all three to the same extent 
gives rise to the sensation of white and their simultaneous 
stimulation to varying degrees gives rise to all the other 

1 This theory was first propounded by an Englishman, Dr. Thomas 
Young, the ori^nator of the undulatory theory of light. In later times 
it was adopted and amplified by Helmholtz, and is therefore known 
as the Young-Helmholtz theory. 
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sensations of colour of which we are at any time 
conscious. 

In recent years another theory has been started in 
whose support very much may be said.^ It resembles the 
previous one inasmuch as it also assumes that all our sen- 
sations of colour result from a limited number of primary 
sensations. But it differs in the number and selection 
of the primary colours. Thus according to this theory 
there are three pairs of primary sensations arising from 
three pairs of primary colours : these are red-green, 
yellow-blue, wZlite-black. Further, this theory 
assumes the existence in the visual apparatus of three 
kinds of visual substance of which each corre- 
sponds to one of the above pairs of colours, and 
it assumes that these substances may be made, some- 
what in the same way as the sensitive salts on a photo- 
graphic plate, to undergo a destructive change by the action 
of light in such a way as to give rise to the sensations of 
rod, yellow and white. Finally it supposes that the other 
three antagonistic sensations arise from the subsequent 
constructive building up again of their visual substances 
which must take place as soon as the luminous cause of 
their destructive change has been removed. Thus the 
breal^ing down of the red-green visual substance gives rise 
to the sensation of red, and its building up again to the 
sensation of green, and similarly for the other two pairs. 

Both these theories attempt to account for observed 
facts, and each goes a long way in doing so ; but neither 
of them accounts completely for all the facts of colour 
vision. Neither may we enter into any discussion 
of their respective merits, for such discussion would be 
useless if it were not lengthy and detailed, and its 
intricacy would be still further out of place in an elemen- 
tary work which excludes as far as possible all debatable 
matter. 

The excitability of the retina is readily exhausted. 

1 This is the theory of Hering, now Professor at Leipzig. 
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Thus, looking at a bright light rapidly renders the part of 
the retina on which the light falls, insensible ; and on 
looking from the bright light towards a moderately -lighted 
surface, a dark spot, arising from a temporary blindness 
of the retina in this part, appears in the field of view. If 
the bright light be of one colour, the part of the retina on 
which it falls becomes insensible to the rays of that colour, 
but not to the other rays of the spectrum. This is the 
explanation of the affpearance of what are called after- 
images. For example, if, as in the form in which the 
experiment is most commonly made, k bright red wafer be 
stuck upon a sheet of white paper, and steadily looked at 
for some time with one eye, when the eye is turned aside to 
the white paper a greenish spot will appear, of about the 
siz^and shape of the wafer. The red image has, in fact, 
fatigued the part of the retina on which it fell for red 
light, but has left it sensitive to the remaining coloured 
rays of which white light is composed. But we know that 
if from the variously coloured rays which make up the 
spectrum of white light we take away all the red rays, the 
remaining rays together make up a sort of green. So that, 
when white light falls upon this part, the red rays in the 
white light having no effect, the result of the operation of 
the others is a greenish hue. The colour of the after-image 
is thus of necessity complementary to that of the object 
looked at. If the wafer be green^ the after-image is of 
course red. 

Cplour-bUndness. — Most people agree yety closely 
as to differences between different colours and different 
parts of the spectrum. But there are exceptions. Thus 
a certain number of persons see very little difference 
between the colour which most people call red, and that 
which most people call green. Such colour-Uind persons 
are unable to distinguish between the leaves of a 
cherry-tree and 'its fruit by the colour of the two ; 
they are only aware of a difference of shape between 
the tyfo. Oases of this “red-blindness” or “red- 
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green ” blindness are not uncommon ; but another form 
of colour-blindness in which blue and yellow cannot be 
distinguished from each other is much more rare ; and 
still rarer, though of undoubted occurrence, are the cases 
of those who are wholly colour-blind, i.e. to whom all 
colours are mere shades of one tint. 

This peculiarity of colour-blindness is simply un^^K 
fortunate for most people, but it may be dangerous ir 
unknowingly possessed by engine-drivers or sailors, parti- 
cularly since red-green colour-blindness is most common 
and red and green Are exactly the two colours ordinarily 
used for signals. It probably arises either from a defect 
in the retina, which renders that organ unable to respond to 
different kinds of luminous vibrations, and consequently 
insensible to red, yellow, or other rays, as the case may 
be ; or the fault may lie in the visual sensorium itself. 

For ordinary purposes colour perception may be most 
easily and successfully tested by asking the person under 
examination to make matches between skeins of coloured 
wool. In this way it is found that a red-green colour-blind 
person matches a red with a green skein. For a detailed 
investigation of the sensations of the colour-blind more 
exact observations by help of the spectrum are necessary. 

The phenomena of colour-blindness can, to a certain 
extent at least, be explained according to either of the 
theories of colour-vision which have been given above. 
Thus by the Young-Helmholtz theory a red-green colour- 
blind person lacks either the red-perceiving or the green- 
perceiving structures normally present either in the 
retina dr the visual sensorium. According to the theory 
of Hering they lack the red-green visual substance. 
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THE COALESCENCE OF SENSATIONS WITH ONE 
ANOTHER AND WITH OTHER STATES OF 
CONSCIOUSNESS 

1. Sensations may be Simple or Composite. —In 

explaining the functions of the sensory organs, we have 
hitherto confined ourselves to describing the means by 
which the physical agent of a sensation is enabled to 
irritate a given sensory nerve ; and to giving some 
account of the simple sensations which are thus evolved. 

Simple sensations of this kind are such as might be 
produced by the irritation of a single nerve-fibre, or of 
several nerve-fibres by the same agent. Such are the 
sensations of contact, of warmth, of sweetness, of an odour, 
of a musical note, of whiteness, or redness. 

But very few of our sensations are thus simple. Most 
of even those which we are in the habit of regarding as 
simple, are really compounds of different simultaneous 
sensations, or of present sensations with past oensations, 
or with those feelings of relation which form the basis of 
judgments. For example, in the preceding cases it is very 
difficult to separate the sensatiofi of contact from the 
judgment that something is touching us ; of sweetness, 
from the idea of something in the mouth ; of sound or 
light, from the judgment that something outside us is 
shining or sounding. 

The sensations of smell are those which are least 
complicatecj by accessories of this sort. Thus, particles 
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of musk diffuse themselves with great rapidity through 
the nasal passages and give rise to the sensation of a 
powerful odour. But beyond a broad notion that the 
odour is in the nose, this sensation is unaccom])anied 
by any ideas of locality and direction. Still less does 
it give rise to any conception of form, or size, or force, 
or of succession, or contemporaneity. If a man hafi 
no other sense than that of smell, and musk were the 
only odorous body, he could have no sense of outnesa — 
no power of distinguishing between the external world and 
himself. * 

Contrast this with what may seem to be the equally 
simple sensation obtained by drawing the finger along the 
table, the eyes being shut. This act gives one the 
sensation of a flat, hard surface outside one’s self, which 
sensation appears to be just as simple as the odour of 
musk, but is really a complex state of feeling compounded 
of — 

(a) Pure sensations of contact. 

(h) Pure muscular sensations of two kinds, — the one 
arising from the resistance of the table, the other from the 
actions of those muscles which draw the finger along. 

(c) Ideas of the order in which these pure sensations 
succeed one another. 

(d) Comparisons of these sensations and their order, 
with the recollection of like sensations similarly arranged, 
which have been obtained on previous occasions. 

(e) Recollections of the impressions of extension, flat- 
ness, &c., made on the organ of vision when these previous 
tactile and muscular sensations were obtained. 

Thus, in this case, the only pure sensations are those 
of contact and muscular ac^^. The greater part of what 
we call the sensation is a complex mass of present and 
recollected sensations and judgments. 

Should any doubt remain that we do thus mix up our 
sensations with our judgments into one indistinguishable 
whole, shut the eyes as before, and, instead of touching 

F p 
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felie table with the finger, tak^ a round lead pencil 
between the fingers, and draw that along the table. 
The “sensation” of a flat hard surface will be just as 
clear as before ; and yet all that w^e touch is the round 
surface of the pencil, and the only pure sensations we 
owe to the table are those afibrded by the muscular sense, 
^pfaot, in this case, our “ sensation ” of a flat hard surface 
is entirely a judgment based upon what the muscular 
sense tells us is going on in certain muscles. 

A still more striking case of the tenacity with which 
we adhere to complex judgments, winch we conceive to 
be pure sensations, and are unable to analyse otherwise 
than by a process of abstract reasoning, is afibrded by our 
sense of roundness. 

Any one taking a marble between two fingers will say 
that he feels it to be a single round body ; and he will 
probably be as much at a loss to answer the question how 
he knows that it is round, as he would be if he were asked 
how he knows that a scent is a scent. 

Nevertheless, this notion of the roundness of the 
marble is really a very complex judgment, and that it is 
so may be shown by a simple experiment. If the index 
and middle fingers be crossed, and the marble placed 
between them, so as to be in contact with both, it is 
utterly impossible to avoid the belief that there are two 
marbles instead of one. Even looking at the marble, 
and seeing that there is only one, does not weaken 
the apparent proof derived from touch that there are 
two.^ 

The fact is, that our notions of singleness and round - 
ness are, really, highly complex judgments based upon 
a few simple sensations ; and When the ordinary conditions 
of those judgments are reversed, the judgment is also 
reversed. 

1 A ludicrous form of this experiment is to apply the crossed fingers to 
the end of th3 nose, when it at once appears double; and in spite of 
the absurdity of the conviction the mUid cannot expel it so long as the 
sensations last. 
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With the index and the middle fingers in their ordinary 
position, it is of course impossible that the outer sides 
of each should touch opposite surfaces of one spheroidal 
body. If, in the natural and usual position of the fingers, 
their outer surfaces simultaneously give us the impression 
of a spheroid (which itselfds a complex judgment), it is 
in the nature of things that there must be two spheroids. 
But, when the fingers are crossed over the marble, the 
outer side of each finger is really in contact with a 
spheroid ; and the mind, taking no cognizance of the 
crossing, judges in accordance with its universal experience, 
that two spheroids, and not one give rise to the sensations 
which are perceived. 

2. Judgments are Delusive, not Sensations. 

Phenomena of the kind described in the preceding 
section are not uncommonly called delusions of the senses ; 
but there is no such thing as a fictitious, or delusive, 
sensation. A sensation must exist to be a sensation, and 
if it exists, it is real and not delusive. But the judgments 
we form respecting the causes and conditions of the 
sensations of which we are aware, are very often erroneous 
and delusive enough ; and such judgnSents may be 
brought about in the domain of every sense, either by 
artiQcial combinations of sensations, or by the influence 
of unusual conditions of the l)ody itself. The latter give 
rise to what are called s'uhjective sensations. 

Mankind would be subject to fewer delusions than they 
are, if tlfey constantly bore in mind their liability to false 
judgments due to unusual combinations, either artificial 
or natural, of true sensations. Men say, “I felt,” “I 
heard,” “I saw ” such and such a thing, when, in ninety- 
nine cases out of a hundr^, what they really mean is, 
that they judge that certain sensations of touch, hearing, 
or sight, of which they were conscious, were c^sed by 
such and such things. 

3. Subjective Sensations* —Among subjective sensations 
within the domain of touch, are the feelings of creeping 

y F 2 
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and the prickling of the skin, wjiich may sometimes be 
due to certfiin states of the circulation, but probably more 
frequently to processes going on in thp central nervous 
system. The subjective evil smells and bad tastes which 
accompany some diseases are, in a similar way, very 
probably due to disturbancest„4n the brain in the central 
end-organs of the nerves of smell and taste. 

Many persons are liable to what may be called auditory 
spectra — music of various degrees of complexity sounding 
in their ears, without any external cause, while they are 
wide awake. I know not if other pei^ons are similarly 
troubled, but in reading books written by persons with 
whom I am acquainted, I am sometimes tormented by 
hearing the words pronounced in the exact way in which 
these persons would utter them, any trick or peculiarity 
of voice, or gesture, being, also, very accurately repro- 
duced. And I suppose that everyone must have been 
startled, at times, by the extreme distinctness with 
which his thoughts have embodied themselves in apparent 
.voices. 

The most wonderful exemplifications of subjective sen- 
sation, howeite, are afforded by the organ of sight. 

Any one who has witnessed the sufferings of a man 
labouring under delirium tremens (a disease produced by 
excessive drinking), from the marvellous distinctness of 
his visions, which sometimes take the forms of devils, 
sometimes of creeping animals, but almost always of 
something fearful or loathsome, will not doubt the inten- 
sity of subjective sensations in the domain of vision. 

But in order that illusive visions of great distinctness 
should appear, it is not necessary for the nervous system 
to be thus obviously deranged. People in the full 
possession of their faculties, and of high intelligence, may 
be sul^ect to such appearances, for which no distinct 
cause can be assigned. Jpa excellent ^illustration of this 
is the famous case of Mrs. A. given by Sir David Brewster, 
in his Natural Magic. This lady was subject to un- 
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usually vivid auditory find ocular s{)ectra. Thus on one 
occasion she saw her husband standing before her and 
looking fixedly at her with a serious expression, though 
at the time he was at another place. On another occa- 
sion she heai^phirn repeatedly call her, though at the 
time he was not anywhere near. On another occasion 
she saw a cat in the room lying on the rug ; and so vivid 
was the illusion that she had great difficulty in satisfying 
herself that really there was no cat there. The whole 
account is well worthy of perusal. 

It is obvious that nothing but the singular courage and 
clear intellect of Mrs. A. prevented her from becoming a 
mine of ghost stories of the most excellently authenti- 
cated kind. And the particular value of her history lies 
in its showing, that the clearest testimony of the most 
unimpeachable witness may be quite inconclusive as to 
the objective reality of something which the witness has 
seen. 

Mrs. A. undoubtedly saw what she said she saiv. The 
evidence of her eyes as to the existence of the apparitions, 
and of her ears to those of the voices, was, in itself, as 
perfectly trustworthy ^ their evidence would have been 
had the objects really existed. For there can be no doubt 
that .exactly those parts of her retina which would have 
been affected by the image of a cat, and those parts of 
her auditory organ which would have been set vibrating 
by her husband’s voice, or rather the portions of the 
sensorium with which those organs of sense are connected, 
were thrown into a corresponding state of activity by 
some internal cause. 

What the senses testify is neither more nor less than the 
fact of their own affection. As to the cause of that affec- 
tion they really say nothing, ^but leave th<^, mind to form 
its own judgment on the matter, A hasty or superstitious 
person in Mrs. A.'s place would have formed a wrong 
judgment, and would have stood by it on the plea that 

she must believe her senses.” 
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4. Delusions of Judgment.-r-The delusions of the 
judgment, produced not by abnormal conditions of the 
body, but bj^ unusual or artificial combinations of sensa- 
tions, or by suggestions of ideas, are exceedingly numer- 
ous, and, occasionally, are not a little remarkable. 

Some of those which arise out of the sensation of touch 
have already been noted. We do not know of any produced 
through smell or taste, but hearing is a fertile source of 
such errors. 

What is called ventriloquism (speaking from the 
belly), and is not uncommonly ascribed to a mysterious 
power of producing voice somewhere else than in the 
larynx, depends entirely upon the accuracy with which 
the performer can simulate sounds of a j)articular charac- 
ter, and upon the skill with which he can suggest a belief 
in the existence of the causes of these sounds. Thus, if 
the ventriloquist desire to create the belief that a voice 
issues from the bowels of the earth, he imitates with great 
accuracy the tones of such a half -stifled voice, and 
suggests the existence of someone uttering it by directing 
his answers and gestures towards the ground. These 
gestures and tones are such as would be produced by a 
given cause ; and no other cause being apparent, the 
mind of the bystander insensibly judges the suggested 
cause to exist. 

The delusions of the judgment through the sense of 
sight — optical delusions j as they are called — are more 
numerous than any others, because such a great* number 
of what we think to be simple visual sensations are really 
very complex aggregates of visual sensations, tactile sen- 
satioiis, judgments, and recollections of former sensations 
and judgments. 

It will be instructive to ^aanalyse 8f)me of these judg- 
ments into theii* principles, and to explain the delusions 
by the application of these principles. 

5. The Inversion of the Visual Image.— IFTicti we 
look at an external object, the image of the object falls on 
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the retina at the end of t^e visual axi% i.e. a line joining 
the object and the rethui and tramrsing a particular region 
of the centre of the eye. Conversely., when a p'lrt of the 
retina i,^ excited., by nihatever means, the sensation is 
referred by the mind to some cause outside the body in the 
direciS>7i of the cisual axis. 

When we look at an external object irhich is felt by the 
touch to he m a given place, the hnage of the object falls 
upon a certain part of the 7'etma. Gom^ersely, when a 
part of the 7'etina is excited, by whatever meaii^, the sensa- 
tion is referred by 7nind to some cause outside the body 
occupying such a position that its hnage would fall on that 
part. 

It is for this reason that when a phosphene is created 
by pressure, say on the outer and lower side of the eye- 
ball, the luminous image appears to lie above, and to the 
inner side of, the eye. Any external object which could 
produce the sense of light in the part of the retina pressed 
Upon must, owing to the inversion of the retinal images 
(see p. 403), in fact occupy this ])osition ; and hence the 
mind refers the light seen to an object in that position. 

The same kind of explanation is applicable to the 
apparent paradox that, while all the pictures of external 
objects are certainly inverted on the retina by the refract- 
ing media of the eye, we nevertheless see them upright. 
It is difficult to understand this, until one reflects that 
the retina has, in itself, no means of indicfiting to the 
mind which of its parts lies at the top, and which at the 
bottom ; and that the mind learns to call an impression 
on the retina high or low, right or left, simply on account 
of the association of such an impression with certain 
coincident tactile impressions. In other words, when one 
part of the retina is affected, the object causing the affec- 
tion is found to be near the right hand ; when another, 
the left ; when another, the hand has to be raised to 
reach the object ; when yet another, it has to be depressed 
to reach it. And thus the several impressions on the 
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retina are called right, left, upper, lower, quite irrespec- 
tively of their real positions, of which the mind has, and 
can have, no cognizance. 

6. Single Objects give rise to Single Images.— TFhea 
an external body is ascertained by touch to be simple^ it 
forms but one image on the retina of a single eye; ayiSlHvhen 
two or more images fall on the retina of a single ej/e, they 
ordinarily proceed from a corresponding number of bodies 
which are distinct to the touch. 

Gonversel'^y the sensation of two or more images is judged 
by the mind to proceed from two or mar& objects. 

If two pin-holes be made in a piece of cardboard at a 
distance less than the diameter of the pupil, and a small 
object like the head of a pin be held pretty close to the 
eye, and viewed through these holes, two images of the 
head of the pin will be seen. The reason of this is, that 
the rays of light from the head of the pin are split by the 
card into two minute pencils, which pass into the eye on 
either side of its centre, and, on account of the nearness 
of the pin to the eye, meet the retina before they can be 
united again and brought to one focus. Hence they fall 
on different parts of the retina, and each pencil of rays 
being very small, makes a tolerably distinct image of its 
own of the pin’s head on the retina. Each of these 
images is now referred outward (p. 439) and two pins are 
apparently seen instead of one. A like explanation 
applies to ^nultiplying glasses and doubly refracting crystals, 
both of which, in their own ways, split the pencils of 
light proceeding from a single object into two or more 
separate bundles. These give rise to as many images, 
each of which is referred by the mind to a distinct 
external object. 

7. The Judgment of Distance and Size by the 
Brightness and Size of Visual Images. — Certain risual 
phenomena ordinarily accompany those products of tactile 
sensation to which we give the name of size, distance, and 
-form. Thus, other things being alike, the space of the fetina 
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covered by the imaye of q large object is larger than that 
covered by a small object ; while that covey'ed by an object 
when near is larger than that covered by the same object 
when distant; and, other conditions being alike^ a near 
object is more brilliant than a distant one. Furthermore^ 
the shadows of objects differ according to the fonns of their 
surfaces, as determined by touch. 

Conversely, if these visual sensations can be produced, 
they inevitably suggest a belief in the existence of objects 
competent to produce the corresponding tactile seyisat/Ums. 

What is called fft.rspective, whether solid or aerial in 
drawing, or painting, depends on the application of these 
principles. It is a kind of visual ventrilocpiism — the 
painter putting upon his canvas all the conditions requisite 
for the production of images on the retina, having the size, 
relative form, and intensity of colour of those which would 
actually be produced by the objects themselves in nature. 
And the success of his picture, as an imitation, depends 
upon the closeness of the resemblance between the images 
it produces on the retina, and those which would be pro- 
duced by the objects represented. 

To most persons the image of a pin, at three or four 
inches from the eye, appears blurred and indistinct — 
the eye not being capable of adjustment to so short a 
focus. If a small hole be made in a piece of card, the 
circumferential rays which cause the blur are cut off, and 
the image becomes distinct. But at the same time it is 
magnified, or looks bigger, because the image of the pin, 
in spite of the loss of the circumferential rays, occupies a 
much larger extent of the retina when close than when 
distant. All convex glasses produce the same effect — 
while concave lenses diminish the apparent size of an 
object, because they diminish the size of its image on the 
retina. 

Objects, as is well known, appear larger when seen in a 
fog. In this case the actual size of the image on the 
retina is the same as if there were no fog. But the indis- 
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tinctness with wLich the object is seen leads to the wrong 
conclusion that it is situated at some considerable distance 
from the observer. Hence the judgment is formed that 
the object is large, because if it were not large it could 
not, at the apparently greater distance, produce an image 
on the retina of the size it does. 

The moon, or the sun, when near the horizon appears 
very much larger than when it is high in the sky. This 
is usually said to be due to the fact that when in the 
latter posltiion we have nothing to compare it with, and 
the small extent of the retina which' its image occupies 
suggests small absolute size. But as it sets, we see it 
passing behind great trees and buildings which we know 
to be very large and very distant, and yet it occupies a 
larger space on the retina than they do. Hence the 
vague suggestion of its larger size. But this has really 
very little to do with the delusion, for the appearance is 
the same if the sun or moon is seen near the horizon 
over the open sea, where no comparison wdth other 
objects is possible. Probably one cause of the deluMon 
is that when low down the sun or moon is seen less dis- 
tinctly, on account of mist and vapour, and thus ‘Hooks ” 
large for the same reason that a man seen in a fog appears 
unduly big, or the delusion may be duo to the fact that 
to most people the distance from them to the horizon 
appears greater than the distance straight above them 
to -the summit of the vault of the heavens (or the zenith). 
Hence though the actual size of the image of the sun 
or moon on the retina is the same whether they be low 
down or high up, the idea that they are further off when 
low down suggests that they are of greater size. 

8. Judgment of Form by Shadows.— If a convex 
surface be lighted from one side, the side towards the 
light is bright — that turned from the light, dark, or in 
shadow ,* while a copcavity is shaded on the side towards 
the light, bright on the opposite side. 

If a new half-crown, or a medal with a well-saised head 
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upon its face, be lighted sideways by a candle, we at once 
know the head to be raised (or a cameo) by the disposition 
of the light and shade ; and if an mtaglio, or medal on 
which the head is hollowed out, be lighted in the same 
way, its nature is as readily judged by the eye. 

But now, if either of the objects thus lighted be viewed 
with a convex lens, which inverts its position, the light 
and dark sides will be reversed. With the reversal the 
judgment of the mind will change, so tiiat the cameo will 
be regarded as an intaglio, and the intaglio as a cameo ; 
for the light still C(ftnes from where it did, but the cameo 
appears to have the shadows of an intaglio, and vice versa. 
So completely, however, is this interpretation of the facts 
a matter of judgment, that if a pin be stuck beside the 
medal so as to throAv a shadow, the pin and its shadow, 
being reversed by the lens, will suggest that tM direction 
of the light is also reversed, and the medals%ill seem to 
be Tvhat they really are. 

9. The Judgment of Changes of Torm.—lVhenever 

(171 external object is watched 7rxpi(Uy chancfmg itsform^ a 
continuous series of differ'ent pictures of the object is hn- 
pressed up07\ the same spot of the retina. 

Gonversdy^ if a continuous series o/ different pictures of 
one object is wipressed upon one paii of the retma, the mhid 
judges that they are due to a smgle external object, under- 
(jomg changes o//orm. 

This is the principle of the curious toy called the tha%i- 
matrope,*ov “ zootrope,” or “ wheel of life,” by the help 
of which, on looking through a hole, one sees images of 
jugglers throwing up and catching ballsy or boys playing 
at leapfrog over one another’s backs. This is managed 
by painting at intervals, on a disc of card, figures and 
jugglers in the attitudes of throwing, waiting to catch, and 
catching ; or boys “giving a back,” leaping, and coming 
into position after leaping. The disc is then made to 
rotate before an opening, so that each image shall be 
presented for an instant, and follow its predecessor before 
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the impression of the latter has^died away. The result is 
that the succession of different pictures irresistibly suggests 
one or more objects undergoing successive changes — the 
juggler seems to throw the balls, and the boys appear to 
jump over one another’s backs. The same explanation 
holds good for the “animated photographs.” (See 
p. 423) 

10. Single Vision with Two Eyes. Corresponding 

Points . — When an edcte/tnal object is ascertained by touch 
to be single, the centres of its retinal images in the tiro eyes 
fall upon the centres of the yellow spots of the tiro eyes, ivhen 
both eyes are directed towards it ; hut if there he tiro eorternal 
objects, the centres of both their images cannot fall, at the 
same time, upon the centres of the yellow spots. 

Gonversfip, when the centres of two images, formed 
simultaneoiffly in the two eyes, fall upon the centres of the 
yellow spots]' the mind judges the images to he caused by a 
single external object ; hut if not, by two. 

This seems to be the only admissible explanation of the 
facts, that an object which appears single to the touch 
and when viewed with one eye, also appears single when 
it is viewed with both eyes, though two images of it are 
necessarily formed ; and on the other hand, that when 
the centres of the two images of one object do not fall on 
the centres of the yellow spots, both images are seen 
separately, and we have double vision. In squinting, the 
axes of the two eyes do not converge equally towards the 
object viewed. In consequence of this, when the centre 
of the image formed by one eye falls on the centre of the 
yellow spot, the corresponding part of that formed by the 
other eye does not, and double vision is the result. 

For simplicity’s sake we have supposed the images to 
fall on the centre of the yellow spot. But though vision 
is distinct only in the yellow spot, it is not absolutely 
limited to itr; and it is quite possible for an object to be 
seen as a single object with two eyes, though its images 
fall on the two retinas outside the yellow spots. All that 
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is necessary is that the two spots of the retinas on which 
the images fall should be similarly disposed towards the 
centres of their respective yellow spots. Any two points of 
the two retinas thus similarly disposed towards their re- 
spective yellow spots (or more exactly to the points in which 
the visual axes end), are spoken of as corresponding 
points ; and any two images covering two corresponding 
areas are conceived of as coming from a single object. It 
is obvious that the inner (or nasal) side of one retina 
corresponds to the outer (or cheek) side of the other. 

11. The Judgment of Solidity. — IT/im a body of 
moderate ske, ascertained by touch to be solid, is viewed with 
both eyes, the images of it, formed by the two eyes, are 
necessarily different (one shoicmg more of its right side, the 
other of its left side). Nevertheless, they coalesce into a 
common image, tvhich gives the impression of solidity. 

Conversely, if the two images of the right and left 
aspects of a solid body be made to fall upon the retinas of 
the two eyes in such a way as to coalesce into a common 
wuige, they are fudged by the mind to proceed from the 
single solid body which alone, under ordinary circumstances, 
is competent to produce them. 

The stereoscope is constructed upon this principle. 
Whatever its form, it is so contrived as to throw the images 
of two pictures of a solid body, such as would be 
obtained by the right and left eye of a spectator, on to 
such parts of the retinas of the person who uses the 
stereoscojfb as would receive these images, if they really 
proceeded from one solid body. The mind immediately 
judges them to arise from a single external solid body, and 
sees such a solid body in place of the two pictures. 

The operation of the mind upon the sensations presented 
to it by the two eyes is exactly comparable to that which 
takes place when, on holding a marble between the finger 
and thumb, we at once declare it to be a single sphere 
(p. 434). That which is absolutely presented to the mind by 
the sense of touch in this case is by no means the sensa- 
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tion of one spheroidal body, but two distinct sensations of 
two convex surfaces. That these two distinct convexities 
belong to one sphere, is an act of judgment, or process of 
unconscious reasoning, based upon many particulars of 
past and present experience, of which we have, at the 
moment, no distinct consciousness. 



LESSON XI 

THE NEEVOUS SYSTEM AND INNEEVATION 

O 

1. The General Arrangement of the Nervous 
System. —The sensory organs are, as we have seen, the 
cliannels through which particular physical agents are 
enabled to excite the sensory nerves with wdiich these 
Organs are connected ; and the activity of these nerves is 
evidenced by that of the central organ of the nervous 
system, which activity becomes manifest as a state of 
consciousness — the sensation. 

We have also seen that the muscles are instruments by 
which a motor nerve,- excited by the central organ with 
which it is connected, is able to produce motion. 

The sensory nerves, the motor nerves, and the central 
org/in, constitute the greater part of the nervous system, 
which, with its function of innervation, we must now study 
somewhat more closely, and as a whole. 

The nervous apparatus consists of two sets of nerves 
ai^d nerve-centres, which are intimately connected together 
and yet. may be conveniently studied apart. These are the 
cerebro-spinal system and the sympathetic system. 
The former, or central nervous system, consists of the 
brain (see Fig. 1), including with this the spinal bulb 
or medtilla oblongata, and spinal cord and the 
cranial and spinal nerves, which are connected with 
this axis. The latter comprises the chain of sym- 
pathetic ganglia, the nerves vdiich they give off, and 
the various cords by which they are connected with one 
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another and with the cerebro-spinal nerves. (See 
Fig. 14:2.) 

Nerves are made up entirely of nerve-fibres, the 
structure of which is somewhat different in the cerebro- 
spinal and in the sympathetic systems. (See p. 454.) 
Nerve centres, on the other hand, are composed of 
nerve-cells mingled with nerve-fibres. (See p. 462.) 
Such nerve-cells are found in various parts of the brain and 
spinal cord, in the sympathetic ganglia, and also in the 
ganglia belonging to spinal nerves as well as in certain 
sensory organs, such as the retina anu the internal ear. 

2. The Investing Membranes of the Cerebro-Spi^l 
System. — The brain and spinal cord lie in the cavity of 
the skull and spinal column, the bony walls of which 
cavity are lined by a very tough fibrous membrane, 
serving as the periosteum of the component bones of this 
region, and called the dura mater. This is composed of a 
thick layer of densely interwoven fibres of connective 
tissue, with which a small amount of elastic tissue is mixed. 
The brain and spinal cord themselves are closely invested 
by a very vascular membrane of fibrous connective tissue, 
called pia mater. The numerous blood vessels supplying 
these organs run for some distance in the pia mater, and 
where they pass into the substance of the brain or cord, 
the fibrous tissue of the pia mater accompanies them to a 
greater or less depth. 

Between the pm mater ^ and the dura mater ^ lies another 
delicate membrane, called the arachnoid membrane. 
These three membranes are connected with each other at 
various points, and the arachnoid, which is not only very 
delicate, but also less regular than the other two, divides 
the space between the dura and pia mater into two spaces, 
each containing fluid, and each more or less lined by a 
delicate epithelium. The space between the dura mater 
and the arachnoid, often called the subdural space, is 
nowhere very large ; biij; the space between the arachnoid 
and the pia mater, often called the subarapChnoid 
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space, though small and insignificant in the region of 
the brain, becomes large in the region of the sj|j^al cord, 
and here contains a considerable quantity of flmd, called 
oerebro-spinal fluid. This fluid has the appearance 
of ordinary lymph, but there the resemblance ends ; for 
cerebro-spinal fluid contains only a minute amount of 
proteids (globulins), does not clot as true lymph does, and 
contains a peculiar reducing substance, which is, however, 
not a sugar. 

3. The Arrangement and General Structure of the 
Spinal Cord and the Roots of the Spinal Nerves.— The 

spinal cord (Fig. 142) is a column of greyish-white soft 
substance, extending from the top of the spinal canal, 
where it is continuous by means of the spinal bulb with 
the brain, to about the second lumbar vertebra, where it 
tapers oflf into a filament. Starting at the level of the 
junction of the atlas vertebra with the skull, the spinal 
cord gives off laterally thirty-one pairs of spinal nerves 
whose trunks pass out of the spinal canal by apertures 
between the vertebrae, called the intervertebral 
foramina, and then divide and subdivide, theii’ ultimate 
branches going for the most part to the muscles and to 
the skin. Each nerve originates from the cord by two 
roots, consequently there are twice as many roots as there 
are pairs of spinal nerves (Fig. 144). After their exit 
from the spinal canal the spinal nerves become connected 
with a chain of ganglia which lies parallel to the spinal 
cord and constitutes the sympathetic nervous system 
(Fig. 142), which will be described later on. 

Transverse sections of the cord show that a deep, 
somewhat broad, fissure, the anterior fissure (Fig. 143, 
i), divides it in the middle line in front, nearly down to 
its centre : and a similar deeper but narrower cleft, the 
posterior fissure (Fig. 148, 2 )^ also extends nearly to 
its centre in the middle line behind. The pia mater 
extends more or less into each of these fissures, and 
supports the vessels which supply the cord with blood. 


G a 
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“f ofo°“K «PE s'S.^THEnrCH.Sf 0^ 

^AiiGUA. (After Allen Thomson.) 

Tbe»v»W» Of tte thirtyK>ne spinal nerves m shown on the right 
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In consequence of the psesence of these fissures, only a 
narrow bridge of the substance of the cord coniiicts its 
two halves, and this bridge is traversed throughout its 
entire length by a minute canal, the central canal of 
the cord (Fig. 143, S). 

The lines of attachment of the roots of the s})inal nerves 
divide the cord longitudinally into three parts, called 
respectively the anterior, lateral and posterior columns 
(Fig. 143, 8, 7, d), those roots which arise along the line 
which is nearer to the anterior surface of the cord being 
known as the anterior roots ; those which arise along 
the other line are the posterior roots (Figs. 143 and 
144). A certain number of anterior and posterior roots, 
on the same level on each side of the cord, converge and 
form anterior and posterior bundles, and then the two 
bundles, anterior and posterior, coalesce into the trunk 
of a spinal nerve ; but before doing so, the posterior 
bundle presents an enlargement — the g^^lion of the 
posterior root (Fig. 144, Gn.), 

A transverse section of the spinal cord (Fig. 144, B, 
and Fig. 143), shows further that each half consists 
of two substances — a white matter on the outside, 
and a greyish-red substance in the interior. And 
thi§ grey matter, as it is called, is so disposed 
that, in a transverse section, it looks, in each half, 
something like a crescent, with one end bigger than 
the other, and with the concave side turned outwards. 
The two ends of each crescent are called its horns or 


half of the figure. C, 1-8, cervical; J>, 1-12, thoracic (dorsal); L, 1-5, 
lumbar; S, 1-6, sacral; Br, brachial plexus; Sc, gteat sciatic nerve; 
.c, terminal filament of spinal cord. 

a, superior, b, middle, c, inferior cervicad ganglion of the sympathetic 
system ; of these c is fused with d the first thoracic (dorsal) ganglion. 
In some animals (dog and cat) the ganglion corresponding to c, the 
inferior cervical ganglion of man, is fused with the upper three thoracic 
ganglia into a common ganglion called the “ stellate ” ganglion (see Figs. 
22, 28, StM.) and the ganglion corresponding to 6, the middle cerviciil 
ganglion of man, is in this case known as the inferior cervical ganglion. 

d', the eleventh thoracic sympathetic ganglion ; /, the first lumbar 
gan'glion. The ganglia below ss are the sacral ganglia. 
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cornua, the one directed forwards being the anterior 
corntf i(Fig. 143, e e) ; the one turned backwards the 
posterior cornu (Fig. 143, a a). The convex sides of 



Fig. 143. — Tra,nsverse Section of one-half op the Spinal Cord (in 
THE Lumbar Region), magnified. 

1, anterior fissure; 2, posterior fissure; 3, central canal; 4, and 5, 
bridges connecting the two h«dves (posterior and anterior commissures) ; 
6, posterior column ; 7, lateral column ; 8, anterior column ; 9, posterior 
root ; 10, anterior root of nerve. 

a a, posterior horn of grey matter ; eee, anterior horn of grey matter. 
Through the several columns 0, 7, and 8, each composed of white matter, 
are seen the prolongations of the pia mater, which carry blood-vessels 
into the cord from the outside. The pia mater itself is seen over the 
whole of the cord. 
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the crescents of the grey giatter approach one another, and 
are joined by the bridge which contains the central canal. 
The portion of this bridge wdiicli lies immediately behind 
the central canal is known as the posterior grey 
commissure ; that portion which lies in front of it as 
the anterior grey commissure. The latter is 
separated from the inner end of the anterior fissure by a 
thin bridge of white matter known as the anterior 
white commissure. (See Figs. 143 and 150.;^ 

There is a fundamental ditterence in structure between 



Fig. 144.— The Spinal Cord. 

A. A front view of a portion of the cord. On the riglit side, the 
antertor roots, A.R , are entire ; on the left side they are cut, to show the 
posterior roots, P.R. 

13. A transverse section of the cord. A, the anterior fissure; P, the 
posterior fissure ; (if, the central canal ; C, the grey matter ; If', the white 
matter; A.R. the anterior root, P.R. the posterior root, (in. the ganglion, 
and T, the trunk, of a spinal nerve. 

the grey imd the white matter. The white matter consists 
almost entirely of nerve -fibres supported in a delicate 
framewod’k of connective tissue, and accompanied by 
blood-vessels. Most of these fibres run lengthw'ays in the 
cord, and consequently, in a transverse section, the white 
matter is really composed of a multitude of the cut ends 
of these fibres. 

The grey matter, on the other hand, contains in addi- 
tion a number of nerve cells, some of them of considerable 
size. These cells are wholly, or almost wholly, absent in 
the white matter. 
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Many of the nerve-fibres of which the anterior roots are 
composed may be traced into the anterior cornu, and, 
indeed, into the nerve-cells lying in the cornu, while 
those of the posterior roots, for the most ]jart, enter or 
pass towards the posterior cornu. 

4. The Minute Structure of Medullated Nerves.— 

The white matter of the spinal cord c()nsista chiefly of 
nerve-fibres ; we may therefore, with advantage, consider 



Fig, 14 . 3 .— Transverse Section of a Medium-sized Medullated Nerve. 

cp, ep, general connective tissue sheath or epineurium ; /, /, /, bundles 
of nerve-fibres bound together by the perineurium per, 'per, per ; A,A,V, 
blood-vessels ; L, lymphatic vessel. ,, 

the structure of these nerve-fibres before dealing in detail 
with the minute structure of the cord itself. 

If a small piece of a nerve, which may be easily obtained 
from the leg of a freshly killed frog or rabbit, be teased 
out with needles on a glass slide and examined under a 
microscope it is seen to be made up chiefly of minute 
fibres. When the nerve has been suitably hardened it 
becomes possible to cut a transverse section of it ; if this 
section be similarly examined the cut ends of the fibres 
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may be readily seen little circular dots arranged 
in groups which compose the larger part of the 
section. These fibres are bound together in bundles, 
which are rounded as seen in section, by an external 
sheath or case of connective tissue called the peri- 
neurium, from wdiose inner surface very delicate layers 
of connective tissue juiss in between the fibres of which 
each bundle is composed. The several bundles are 
themselves bound togetlier by connective tissue to form 
the trunk of the nerve, and the whole nerve, thus built 
up of bundles of nerve-fibres, is surrounded and held 
together by an external layer of connective tissue. 

The nerve-fibres, which are the essential elements of 
the nerve, vary in diameter from 2^ to 12/x or more. In the 
living state they are very soft cylindrical rods of a glassy, 
rather strongly refracting aspect. No limiting membrane 
is distinguishable from the rest of the substance of the 
rod, but running through the centre of it a band of some- 
what less transparency than the rest may be discerned. 
At intervals, the length of w^hich varies, but is always 
many times greater than the thickness of the rod, the 
nerve fibre presents sharp constrictions, which are termed 
nodes (Fig. 146, A, n ; B. n n). Somewhere in the inter- 
space between every two nodes, very careful examination 
will reveal the existence of a nucleus (Fig. 146, B. n c), 
invested by more or less protoplasmic substance and 
lying in the substance of the rod, but close to the 
surface. 

As tjie fibre dies, and esi>ecially if it is treated with 
certain re-agents, these appearances rapidly change. 
1. The outermost layer of the fibre becomes recognisable 
as a definite membrane, the neurilemma ^ (the so-called 

1 This word was formerly used to denote the whole nerve-case, now 
called perineurium', but its similarity to the word mreolemma led to 
j^reat confusion in the minds of students. It is undoubtedly a whole- 
some rule never to use an old word in a new sense ; but the striking 
similarity between the two words “neurilemma'* and “ savcolerama,” 
and between the nerve-fibre sheath and the muscle-fibi’o sheath, seems an 
adequate excuse for an exception to the rule. 
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“primitive sheath” or “ sheath <®f Schwann”). 2. The 
central band becomes more opaque, and sometimes ap- 
pears marked with fine longitudinal striae as if it were 
composed of extremely fine fibrillae ; it is the neiiraxis or 
neuraxon or axis cylinder. 3. Where the nemaxis 
traverses one of the nodes the neurilemma is seen to em- 
brace it closely, but in the intervals between the nodes a 
curdy-looking matter, which looks white by reflected light, 
occupies the space between the ne^irileiyiina and the 
neuraxis. This is the medulla (the^ so-called “white 
substance of Schw^ann ”) largely composed of a complex 
fatty substance often spoken of as myelin. If the 
neurilemma of a fresh fibre is torn, the myelin 
flows out and forms irregular lumps as if it were 
viscous. The medulla sometimes breaks, by oblique 
lines (Fig. 146, 0, m'), extending from the neuraxis 
to the neurilemma, into segments, the faces of which 
are obliquely truncated and fit closely against one 
another. These may be seen even in quite fresh and 
living nerve fibres. 4. The internodal nucleus is more 
sharply defined ; and it will be seen to be attached to the 
inner surface of the neurilemma. 

The essential part of each fibre, regarded as an 
instrument for the transmission of that molecular .dis- 
turbance which is spoken of as a “nervous impulse,” is 
the neuraxis or axis-cylinder. This is suggested by the 
fact that the neuraxis alone is apparently continuous 
throughout each fibre, since it passes across each node ; 
but all doubt is removed when we find that the neuraxis 
alone provides the actual connection between the central 
nervous system and the distant structures to or from 
which the motor (efferent) or sensory (afferent) nerves 
run. Thus, if we follow along the course of a motor 
nerve, proceeding to its muscle, we find that it enters the 
perimysium (with which the superficial layer of the peri- 
neurium becomes continuous), and divides in the perimysial 
septa into smaller and smaller branches, each of which 
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Fkj. mg.— To illustrate the !Stru(.ture of Nerve Fibres. 

A. 'A nerve fibre seen without the use of reagents, showing the 
“double contour ” due to the medulla, and w, a node. Neither neuraxis 
nor neurilemma can be distinctly seen. (Magnified about 300 diameters.) 

B. A thin nerve fibre treated with osmic acid, showing, n c, nucleus 
with protoplasm, p, surrounding it, beneath the neurilemma ; n n, the 
two nodes«marking out the segment to which the nucleus belongs. 
(Magnified 400 diameters.) 

C. Portion of fibre (thicker than B), treated with osmic acid to show 
the node*'w ; w, the densely stained medulla ; at m' the medulla is seen 
divided into segments. (Magnified 350 diameters.) 

1). Portion of nerve fibre treated to show the passage of the neuraxis, 
n X, through the node, n ; in, the medulla. At n x' the neuraxis is 
swollen by the reagents employed and large and irregular. (Magnified 
300 diameters.) 

E. Portion of nerve fibre treated with osmic acid, showing the nucleus, 
n c, embedded in the medulla ; c, fine perineurial sheath lying outside 
the neurilemma ; the outline of the latter can only be recognised over 
the nucleus n c ; the nucleus, n c\ belongs to this perineurial sheath. 
(Magnified 400 diameters.) 

F. Portion of nerve fibre deprived of its neurilemma and showing the 
medulla broken up into separate fragments, m m, surrounding the 
neuraxis, nx. 
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contains the continuation of a c^’tain number of the fibres 
of the nerve trunk, bound up into a bundle by themselves. 
In these larger ramifications of the nerve trunk there is 
no branching of the nerve fibres themselves (at any rate 
as a rule), but merely a separation of the fibres of 
the compound nerve bundles. In the finer branches, 
however, the nerve fibres themselves may divide ; the 
division, which always takes place at a ikkIb, is generally 
dichotomous — that is, one fibre divides into two, each of 
these again into two, and so on. An ultimate branch 
consisting of one or two nerve fibres, or of one only, with 
a very delicate connective tissue envelope (Fig. 146, 
E c), passes to some single muscle fibre, and each nerve 
fibre applies itself to the outer surface of the sarcolemma. 
At this point, if it has not done so before, the medulla 
disappears, the neurilemma becomes continuous with 
the sarcolemma, and the neuraxis ending abruptly is 
applied to a disc of protoplasmic substance containing 
many nuclei, thus forming what is called a motor 
end-organ or end-plate,^ which is interposed be- 
tween the striated muscle substance and the sarco- 
lemnja at this point, Before ending the neuraxis 
divides and its divisions anastomose freely, but the exact 
relations of the various parts of the end-plate to. the 
muscle-substance have not yet been clearly made out. 
The whole appear, however, to constitute an apparatus by 
which the molecular disturbances of the substance of the 
neuraxis (the essential part of the nerve) may be efficiently 
propagated to the substance of the muscle. 

If, instead of following the motor nerve to its distribu- 
tion in the muscle, we trace it the other way, towards 
the spinal cord, we shall find no alteration of any moment 
until we arrive at the point at which the anterior root 
enters the cord. From the finest branches of the motor 
nerve (in which, as has been stated, the nerve-fibres 

1 TLis Is the arrangement in most vertebrated animals. In the frog 
the neuraxis branches out without entering a distinct motor end-plate. 



XI 


MRDULLAtED NERVE-FIBRES 


459 


themselves divide) to thjs point of entry each nerve-fibre 
extends ensheathed as one continuous undivided neuraiis 
in a long succession of internodal segments.. At the point 
of entry into the cord the perineurium passes into the pia 
mater and the general connective tissue framework of the 
cord. The neurilemma and the nodes disappear. Often 
the neuraxis can be traced towards the anterior horn of 
the grey matter, invested only by a sheath of medulla 
which gradually becomes thinner and thinner until at 
length it disappears^ and the fibre, thus reduced to its 
neuraxis, passes into one of the processes of one of the 
large nerve cells, wliich lie in the anterior cornu of the 
grey matter (see p. 463). 

The neuraxis of a motor nerve-fibre, therefore, is in 
fact an extremely fine and long process of a nerve cell, 
which })asses at its peripheral end into one or more muscle 
fibres ; in other words, the nerve cell and the muscle cells are 
the central and peripheral end organs of the nerve-fibre. 

With one or two exceptions, sensory (afferent) nerve- 
fibres are not distinguishable by any structural character 
from motor nerve-fibres. Wherever special-sense 
organules (p. 343) exist, the sensory fibres are connected 
with them by means of their neuraxis from which the 
neurilemma and medulla have disappeared. If, as before, 
we follow the sensory nerve-fibres back towards the 
spinal cord, we find that they pass through the ganglion 
on one of the posterior roots, and then enter the substance 
of the cord, passing towards the posterior cornu. Like 
the mi)tor nerve -fibres, they lose their noded neurilemma 
as they enter the cord, so that in this case also it is again 
the neuraxis which provides the actually continuous con- 
nection between the sense-organ and the central nervous 
system. 

The neurilemma, with its nucleus and the medulla, may 
be regarded as a covering which provides for the protec- 
tion and nourishment of each successive length of the 
essentially important neuraxis or axis -cylinder. 



460 


ELEMENTARY PHYSIOLOGY 


LESS. 


5. The Minute Structure of^ the Spinal Cord and 
Spinal Ganglia. — The spinal cord consists, as already 
described, of central canal surrounded by grey matter 
composed largely of nerve-cells, and an’anged in two 
crescent-shaped masses. The grey matter is surrounded 
by white matter, consisting chiefly of medullated nerve • 
fibres, and the whole is invested by the pia mater com- 
posed of connective tissue. 

The pia mater carries the blood-vessels and lymphatics 
which supply the substance of the cord ; it dips down 
into and completely fills the narrow so-called posterior 
fissure, and similarly lines the wider cavity of the anterior 
fissure. At frequent intervals, all over the surface of the 
cord, and in the fissures, the pia mater sends conspicuous 
prolongations (see Fig. 143) into tlie substance of the 
white matter, forming partitions or se})ta which run on 
the whole towards the grey matter, and thus carry the 
blood-vessels into the cord. These larger primary septa 
give off fine secondary septa, which still further subdivide 
the white matter, and provide for the more intimate dis- 
tribution of minute blood-vessels throughout its substance. 
The inner ends of the septa are continued on into the grey 
matter for purposes similar to those which they subserve 
in the white matter. 

The spaces in the white matter between the septa 
derived from the pia mater are filled by (i) medullated 
nerve-fibres, whose structure has been previously described, 
which run on the whole lengthwise or parallel to the long 
axis of the cord, and are supported by (ii) a fine felt- work 
of extremely ddicate fibres, which constitutes what is known 
as the neurogflia, (p€vpop— nerve, and .'yXta = glue) since 
it binds the nerve-fibres together. The fibres of the 
neuroglia are, in reality, processes from numberless 
minute cells, in which the body of each cell is extremely 
small, and the processes unusually numerous ; these cells 
are known as neuroglia-cells (Fig. 147). 

The processes of the neuroglia-cells are wrapped closely 
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round the nerve-fibres, and since they thus form a support 
and a covering for the fibres, the latter no longer need 
their natural external covering ; or, in other words, the 
nerve-fibres of the white matter possess no neurilemma. 

As in the white matter of the cord, so also in the grey 
matter, neuroglia occupies the spaces between the septa 
derived from the pia mater, and forms the supporting 
basis for the nervous constituents of the grey matter. 
The neuroglia is gathered into a specially well-marked 
layer immediately surrounding the central canal of the 
cord (Fig. 150, r.f/..-?.), and also, in a modified form, into a 



Fig. 147 .— a Neuroglta-Cell from the White Matter of the Spinal 
Cord. (Schafer.) 

TJie body and processes of the cell appe.ar black, since they were 
deeply stained in order to bring out their details. 


conspicuous somewhat transparent mass at the outer end 
of the 'posterior horn of the grey matter, where it is 
known as the substantia gelatinosa of Rolando. 
(See Fig. 150, sg.). 

The most striking feature of the grey matter is the 
presence in its neuroglia of nerve cells, many of which 
are very large and conspicuous, while others are smaller, 
but still very evident ; these cells, together with the 
comparative absence of medullated nerve-fibres, and the 
presence of a closely interwoven net- work of non- 
medullated nerve-fibres, form the chief contrast between 
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the structure of the grey and the white matter of the 
spinal cord. 

The Cells of the Grey Matter. — These cells are not 
scattered uniformly thro^hout the grey matter, but 
arranged rather in groups. Tlie largest cells occur in the 
outer end of the anterior horn (see Figs. 143 and 150), 
and since these are typical, as regards the main features 
of their structure, of all the cells of the grey matter, we 
may take one of them for detailed description. 



Fig. 148.— a Large Nerve Cell from the Anterior Horn of the 
Spinal Cord. 

♦ 

n, Nucleus ; small body, called the nucleohis, inside the nucleus ; 
p, branched processes or dendrites ; n,p, unbranched axis-cylinder 
process or axon continued into the neuraxis of a motor nerve fibre. 


The body of each cell is large (varying in diameter from 
50/i to 100/x ; to of an inch), and contains a very 
conspicuous nucleus (Fig. 148). The cell-body is pro- 
longed into a varying number (usually many) of processes 
called dendrites dividing and subdividing into branches, 
which may be traced to some distance froni^the cell, be- 
coming finer and finer, and finally ending abruptly. 
Besides these branching processes the cell bears one 
process, the axis-cylinder process, which does not divide 
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ill this way, passes straight away from the cell and is 
soon covered by a layer of myelin or a medulla ; 
after its exit from the cord, it acquires additionally a 
neurilemma or piimitive sheath. In this way this 
process becomes the axis cylinder or neuraxis of a 
medullated nerve-fibre, and®^s continuous to the organ, 
usually a muscle, to which it is distributed. 



Fio. 149. — Diagram op a Tvpic:al Cell from the Grey Matter of the 
Spinal Cord. (Sherrington.) 

n, iiuclous ; d, d, d, branched iirocesscs (dendrites) from the cell-body ; 
p, pigment; c, part of cell-body which stfiins very readily (chro- 
matin); a, axis-cylinder process or neuraxon, which acquires first a 
medulla, m, and then (outside the cord) a neurilemma. 

A, represents the processes (dendrites) from a neighbouring cell inter- 
lacing with, but not joined on to, the processes of the cell figured. 


The other cells of the grey matter are generally similar 
in structure to the one described, though smaller than the 
cells of the anterior horn. Certain of them however 
exhibit particular features, on which we need not dwell 
here. 

The rest of the grey matter, apart from the neuroglia, 
is made up of an interlacing network of nerve fibres, 
of which many are the processes of nerve cells, or 
naked (non- medullated) axk cylinders ; but inter- 
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mixed with these are a certain number of very fine 
medullated nerve-fibres, and a few large medullated 
fibres. 

The Differences in Structure of the Spinal Cord at 
Various Levels. — These differences show themselves most 
conspicuously with respect (i), the shape of the grey 
matter at various levels (ii), the position of the chief 
groups of nerve-cells in the grey matter, and (iii), the 
amount of white matter relatively to the grey matter at 
each level. The cord is widest in the cervical region, 
smallest in the thoracic (dorsal) region, and widens out 
again in the lumbar region. ’ The chief structural differ- 
ences to which we have allud^ are very clearly indicated 
in Figure 150, which represents sections, dravua to scale, 
of (half) the ’ spinal cord all the level of A the sixth 
thoracic (dorsal), B the sixth cervical, and C the^lhird 
lumbar spinal nerves respectively. 

The Structure of a Spinal Ganglion. — A spinal 
ganglion is, as we have said (Fig. 144, Gn,\ an elongated 
swelling on the posterior roots of the spinal nerves. In a 
longitudinal section it is seen to consist of an external 
sheath of connective tissue which encloses groups of large 
nerve cells, of which the largest group lies at its outer 
side. The nerve fibres which enter the distal end of the 
ganglion on their way to the spinal cord pass in bundles 
in between the groups of nerve cells, and a certain amount 
of connective tissue with accompanying blood-vessels and 
lymphatics, also passes in amongst the nerve cells and 
nerve fibres. Each nerve cell (Fig. 15) consists like a 
nerve cell of the spinal cord, of a large nucler^^J^ with a 
nucleolus, and of a cell body ; but the cell body is, in most 
cases at all events, prolonged into one process onl^ so 
that the- whole cell is pear-shaped. This process 
soon acquires a medulla and a neurilemma ; it thus 
becomes an ordinary medullated nerve fibre, which 
then divides into two fibres, one of which may be traced 
into the nerve trunk, and the other along the posterior 
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root to the spinal cord. Hence the nerve cells of the 
ganglion appear to be lateral appendages of the nerve 
fibres, forming a junction with them after the fashiofi of 
a T"piece. On the central side of the ganglion the fibres 
continue their course into the substance of the spinal 
cord towards the posterior horn. Like the motor 
nei*ves they lose their neurilemma as they enter the 
cord. Some of them pass on at once into the grey 
matter of the posterior horn ; but tlie majority turn 



Flo, 151.— A NEiiVE Cell from the Ganglion on the Posterior Root 
i; OF A Spinal Nerve. 

n.c. the nerve cell, with n, nucleus, n', nucleolus, p, protoplasmic body ; 
c, capsule of the nerve coll ; n", nuclei of the capsule ; n.f. the nerve 
fibre which, at the node, d, divides into two. At a the ncuraxis of the 
fibre is lost in the substance of the cell ; at h it acquires a medulla ; at 
n’" nuclei are seen on the fibre. At the division the neuraxis d is seen 
to divide, and besides the neurileimna, n.L, the fibre has an additional 
sheath, contintious with the capsule of the nerve cell. 


aside as they enter the cord and run upwards for some 
distance in the posterior column of the cord before they 
enter the grey matter. V 

Structurally we may regard the nerve fibres of the 
posterior rpots of spinal cord as taking their origin 
from one pirocess of ceU in the^iepmal ganglion, in the 
same way that the fibre# of the anterior root originate in 
one processvOf a nerve cell in ^e*anterior horn of the grey 
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nififcter. This accounts for the peculiar way in which the 
fibres of the posterior root make their connection with the 
cord, and also for the most obvious function of the spinal 
ganglia of which we shall speak presently. 

6. The Functions of the Boots of the Spinal 
Nerves. — If the trunk of a spinalnerve be irritated in any 
way (at x in Fig. 152), as by pinching, cutting, galvanising, 
or applying a hot body, two things happen : in the first 
place, all the muscles to which filaments of this nerve are 
distributed, contract ; in the second, pain is felt, and the 
pain is referred to that part of the skin to which fibres 
of the nerve are distributed. In other words, the effect 
of irritating the trunk of a nerve is the same as that of 
irritating its component fibres at their terminations. 

The effects just described will follow upon irritation of 
any part of the branches of the nerve : ^xce^ that w^hen a 
branch is irritated, the only muscles directly affected, and 
the only region of the skin to whicli pain is referred, will 
be those to which that branch sends nerve-fibres. And 
these eftects will follow upon irritation of any part of a 
nerve from its smallest branches up to the point of its 
trunk, at which the anterior and posterior bundles of root 
fibres unite. 

If the anterior bundle of root fibres be irritated in the 
same way (at i/, Fig. 152) only half the previous effects 
are brought about. That is to say, all the muscles to 
which the nerve is distributed contract, but no paih is 
felt. • 

So again if the posterior:, (famjUonated bundle be irritated 
(at 25, Fig. 152) only half the effects of irritating the whole 
trunk is produced. But it is the other half ; that is to 
say, none of the muscles to which the nerve is distributed 
contract, but j')ain is referred to the whole area of skin te 
which the fibres of the nerve are distributed. 

It is clear enough, from these experiments, that all the 
power of causing muscular contraction which a spinal 
nerve possesses, is lodged in the fibres which compose 
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its anterior roots ; and all the^ power of giving rise to 
sensation, in those of its posterior roots. Hence the 
anterior roots are commonly called motor, and the pos- 
terior sensory. 

The same truth may be illustrated in other ways. 
Thus, if, in a living animal, the anterior roots of a spinal 
nerve be cut, the animal loses all control over the muscles 
to which that nerve is distributed, though the sensibility 
of the region of the skin supplied by the nerve is perfect. 
If the posterior roots be cut, sensation is lost, and volun- 
tary movement remains. But if both ^oots be cut, neither 
voluntary movement nor sensibility is any longer possessed 




T 


Fig. 152.— Diagram to illustrate Experiments in proof of the 

TIONS OF THE SpINAL NeKVE-RoOTS AND OF THE GaNGLION ON THE 
Posterior Root. 

AF, anterior fi.ssure of spinal cord ; PF, posterior fissure ; AR, anterior 
root of spinal nerve ; PR, i>ostorior root ; T, trunk of spinal nerve ; 
Gil, ganglion of posterior root. 


by the part supplied by the nerve. The muscles are said 
to be paralysed ; and the skin may be cut, or burnt, with- 
out any sensation being excited. ‘ 

If, when both roots are cut, that end of the motor root 
which remains connected with the trunk of the nerve be 
irritated, the muscles contract ; while, if the other end be 
so treated, no apparent effect results. On the other ^and, 
if the end of the sensory root connected with the trunk of 
the nerve be irritated, no apparent effect is produced, 
while, if the end ephnected with the cord be irritated, 
pain immediately follows. 

Wh^n no apparent effect follows upon the irritation of 
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any nerve, it is not proi^)able that the molecules of the 
nerve remain unchanged. On the contrary, it would 
appear tliat the same change occurs in all cases ; but a 
motor nerve is connected with nothing that can make 
that change apparent save a muscle, and a sensory nerve 
with nothing that can show an effect but the central 
nervous system. 

Wo have already exjdained (p. 463) that a fibre of 
the anterior root of a spinal nerve is really a pro- 
longation of an ^axis cylinder jn’ocess of a nerve 
cell in the anterior horn of the grey matter of 
the spinal cord. This being the case it is not at all 
surprising to find that the continued life of any of 
the efferent (motor) nerve fibres is dependent upon the 
continuance of their connection with the cells from which 
they arise. That this dependence does really exist is 
shown by the simple experiment of cutting an efferent 
(motor) nerve, and preventing the cut ends from reuniting. 
When this is done it is found that shortly after tlie 
operation, those (peripheral) parts of the nerve beyond the 
point of section^ i.e., whose connection with the cells of the 
spinal cord has been cut off, undergo what is called a 
“degeneration.” This degeneration shows itself by 
structural changes in the nerve fibres. The medulla 
breaks up into oily drops, the axis cylinder also breaks 
into pieces and the nuclei of the neurilemma increase in 
number, together with an increase in the amount of 
granular protoplasm, which lies near them. The frag- 
ments .of the medulla are next largely absorbed and 
disappear, and their place is taken by the protoplasm and 
nuclei derived from the neurilemma. While these 
structural changes are taking place, and even before 
they become obvious, the irritability of the nerve 
becomes gradually less, so that soon the nerve makes 
no response to any stimulus which may be applied 
to it. But the changes we have described do not occur 
in that (central) part of the nerve which is still connected 
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with the cells of the spinal (ford ; this part does not 
degenerate in the same way. Thus if the anterior 
efferent (motor) root of one of the spinal nerves be 
cut at y (Fig. 152), all the fibres of that root beyond 
y towards and along the trunk of the nerve T 
degenerate, while the j)ortion of the root between y and 
the spinal cord does not degenerate. 

If, now, we apply the same method of experiment to the 
posterior root the following results are o])served. When 
the root is cut at n- (Fig. 152), thor fibres of that root 
towards and along the trunk of the nerve T degenerate ; 
the central parts connected with the ganglion do not. ^ 
If, on the other hand, the posterior root is cut 
at then the part of the root which lies between c: 
f^nd the spinal cord degenerates, whereas the portion 
still connected with the ganglion does not. Evi- 
dently, then, the Jife of the fibres in the ])ostcrior root 
is dependent upon their continued connection with the 
ganglion of that root, that is to say with the cells of that 
ganglion, of which the fibres are processes, as we have 
previously explained. These facts lead to the inevitable 
conclusion that the ganglion on the posterior root is the 
structure upon which the proper nutrition of the afferent 
fibres depends, or, in other w’ords, the one clear and 
definitely ascertained function of the ganglion is to 
provide for the nutrition of these efferent nerve fibres 
which originate from the processes of the nerve cells in 
the ganglion. 

This method of determining and localising the 
nutritional centres from which nerve fibres grow is known 
as the “degeneration method,”^ and has proved^ to be 
most helpful in determining the various “ tracts,” or paths 
in th.e spinal cord (and brain) along which nervous 
impulses of various kinds pass ; with these we shall have 
to deal later on (see p. 484). 

1 Also as the “Wallerian method,” after the name of the physiologist 
who first employed it. 
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7. The Physiological Properties of a Nerve.— It 

will be observed that in all the experiments described in 
the first part of the preceding section there is evidence 
that, when a nerve is irritated, a something which is 
spoken of as a nervous impulse and consists, probably, 
of a change in the arrangement of its molecules, is propa- 
gated along the nerve-fibres. If a motor or a sensory 
nerve be irritated at any point, contraction in the muscle, 
or sensation, (or some other corresponding event) in the 
central organ, immediately follows. But if the nerve be 
cut, or even tightly tied at any point between the part 
irritated and the muscle or central organ, the effect at 
once ceases, just as cutting a telegraph wire stops the 
transmission of the electric current or impulse. When a 
limb, as we say, “goes to sleep,” it is frequently because 
the nerves siij)plying it have been subjected to pressure 
sufficient to interfere with the nervous conductivity of 
the fibres, that is their power to trtansmit nervous impulses. 
We lose voluntary control over, and sensation in, the 
limb, and these powers are only gradually restored as 
that nervous conductivity returns. 

Having arrived at this notion of an impulse travelling 
along a nerve, we readily pass to the conception of a 
sejisory nerve as a nerve which, when active, brings an 
impulse to the central organ, or is afferent; and of a 
motor nerve, as a nerve which carries away an impulse 
from the organ, or is efferent. It is very convenient to 
use these terms to denote the two great classes of nerves ; 
for, as. we shall find (p. 479), there are afferent nerves 
which are not sensory in the sense of giving rise to a 
change of consciousness, or sensation, while there are 
efferent nerves which are not motor, in the sense of in- 
ducing muscular contraction. The nerves, for example, 
by which the electrical fishes give rise to discharges of 
electricity from peculiar organs to which those nerves are 
distributed, are efferent, inasmuch as they carry impulses 
to the electric organs, but are not motor, inasmuch as 
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they do not give rise to movemeiV^s. The pneumogastric 
when it stops the beat of the heart cannot be called a 
motor nerve, and yet is then acting as an efferent nerve. 
Similarly the nerves which cause the cells of a gland to 
commence secreting, such as those to the salivary glands, 
sweat glands, pancreas, &c., are not motor nerves but are 
strictly efferent as regards the direction in which they 
convey their impulses. It will, of course, be understood, 
as pointed out above, that the use of these words does 
not imply that when a nerve is irritated in the middle of 
its length, the impulses set up by that irritation travel 
only away from the central organ the nerve be efferent, 
and towards it, if it be afferent. On the contrary, we 
have evidence that in both cases the impulses travel both 
ways. All that is meant is this, that the afferent nerve 
from the disposition of its two ends, in the skin, or other 
peripheral organs on the one hand, and in the central 
organ on the other, is of use only when impulses are 
travelling along it towards the central organ, and similarly 
the efferent nerve is of use only when impulses are 
travelling along it, away from the central organ. 

There is no difference in structure, in chemical or in 
physical character, between afferent and efferent nerves. 
The impulse which travels along them requires a certain 
time for its propagation, and is vastly slower than many 
other movements — even slower than sound. (Seep. 476.) 

We know but little of the nature of a nervous impulse. 
We know that it may be started in a nerve by various 
artificial means such as by })inching or knocking the 
nerve, or by suddenly warming or cooling i^, and, most 
readily, by stimulating the nerve electrically. And we 
suppose that by any of these means there is set up \n that 
bit of nerve to which any one of the above “stimuli’" 
is applied, a disturbance, which is then propagated in suc- 
cession from one particle (or molecule) of the axis cylinder 
to the next, so that it ultimately reaches a point in the 
nerve remote from that in which it was started. In this 
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way we Cv^me to speak of a nervous impulse as due to 
the propagation of a molecular disturbance ” along a 
nerve. But this expression serves rather to hide our 
ignorance than to explain what the impulse really is. 

Xilectrical Properties of a Nerve. — In the case of a, 
muscle we saw (p, 297) that its entry into a state of (con- 
tracting) activity was accompanied by an easily recognised 
change of shape, by chemical changes and by changes of 
temperature. Of these the first is of course entirely 
wanting in a nerve when it becomes active, i.e, is conveying 
an impulse, and tlift other two kinds of change have not 
so far been shown to take place in a nerve. But we siiw 
also that the contracting activity of a muscle is accom- 
panied by an electrical disturbjince ; a similar disturbance 
takes phice in a nerve as the impulse sweeps along it, and 
is indeed the only evidence we possess of any change 
which accompanies the transmission of that impulse. 
Hence in a nerve this electrical phenomenon becomes of 
extreme interest and merits a short convsideration. 

If a piece of nerve, as for instance the sciatic nerve 
(see Fig. 90), from a freshly-decapitated frog, is removed 
from the body and suitably examined, it is found that 
each cut end of the nerve in electricMly negative as compared! 
with any other point of the nerve nearer to its middle or 
equator. Hence if one end B (Fig. 153), of the nerve and 
ifcs middle point C are brought into contact with the 
terminals of a sensitive galvanometer^ Cr, the needle 
of this instrument is at once deflected in a direction which 
shows that an electric current is passing (through the 
galvanometer) from the middle of the nerve to the cut 
end. If, now, wdien the needle has come to rest under the 
influence of this current, the end A of the nen^e he 
stimulated at x, the needle of the galvanometer is seen to 
swing hack towards the position it occupied before it was 
deflected by the current from the nerve. This means that as 

1 A galvanometer is an instrument used for the detection and 
paeasureipept of electric cuirents, 
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the impulse which was started by the stimulus at x passes 
under the terminal ?>, that part of the nerve on which this 
terminal rests, becomes momentarily less electrically 
positive, that is to say becomes elect ricalhj neyative as com- 
pared ndth its condition before the passaije of the 
This statement holds equally good when the terminal h is 
applied to any other point of the nerve, either towards A 
or towards any difference in the result of stimulating 
the nerve at x being merely one of degree (as regards the 
extent to which the needle of the galvanometer imwes), 
and not of kind (as to the direction in which the needle 
moves). Hence we may siiy without any possibility of 



Fia. 153.— To Hr^row Arrangement ok a Nerve and Galvanometer for 
Experiments on the ELEirrRicAL riiopERTiKs of a Nerve, 

JB, a, piece of nerve ; G, a galvanometer connected by wires and tlie 
electrodes a, h, with the end B and the middle point V of the nerve. 


doubt that when an impulse travels along a nerve each 
point of the nerve becomes electrically negative as the 
impulse reaches that point ; and conversely we may use 
this electrical change in the nerve as unfailing evidence of 
the passage of an impulse along it. Apart from this 
electrical change we have no other means, sufeh as exist in 
the case of a muscle, of determining when a nerve enters 
into a state of activity during the passage of an im^iulse. 

The Rate of Transmission of a Nervous Imt>ul8e. — 
By means of a complicated arrangement of apparatus it is 
possible to determine very exactly the inten^al of time 
which elapses between the moment at which the stimulus 
is applied to the nerve at x (Fig. 153) and the instant at 
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whicli the needle of the igalvanonieter begins to move as 
the result of the passage of the impulse, started at ir, 
under the terminal h at the point C. If now we measure 
the length of the piece of nerve between .r and h we can 
at once calculate the rate at which the impulse travels 
along the nerve. Thus if the distance from x to h is 25 
millimetres (1 inch), about *00089 of a second elapses 
before the impulse sLirted at x makes itself obvious as an 
el(3ctrical disturbance at h. That is to say the impulse 
travels at the ra^ of about 28 metres or IM) feet per 
seconch in the nerve of a frog. 

The rate of transmission of an impulse along a (motor) 
nerve may also be determined in the following way, using 
a muscle nerve preparation such as is figured on page 298. 
The muscle is suspended from a clamp, as shown in 
Fig. 154 ; a light horizontal lever is attached by a hook to 
the tendon at the lower end of the muscle, so that wiien 
the muscle is made to contract the free end of the lever 
moves upwards and thus indicates tlie m(>ment at which 
the contraction of the muscle commences. The sciatic 
nerve is then arranged in such a way that it may be 
stimulated either at a point x (Fig. 154) as close as possible 
to its junction with the muscle, or at a point y as far 
away as possible from the muscle. By the use of suitable 
apparatus it is easy to measure the interval of time which 
elapses betAveen the moment of applying the stimulus at x 
and the.moment at which the end of the ley^r begins to 
move. This is found to be, in an ordinary experiment, 
about. ^ Jgth of a second. If now the nerve is stimulated 
at y, it is found that the end of the lever begins to move 
slightly later than it did when the stimulus was applied 
at X ; that is to say, the muscle begins to contract rather 
later when its nerve is stimulated at y than at x. This 
difference can only be due to the fact that wJien the 
impulse is started at y it takes longer to reach the muscle than 
when it is started at x. Since the length of the piece of 
nerve between y and x is known by direct measurement, 
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it becomes a simple matter to calculate the rate at which 
the impulse travels from y to jc. The result thus 
obtained agrees quite closely with the one arrived at in 
the experiment previously described in which a galvano- 
meter was used, namely 28 metres or 90 feet per second. 

The rate at which an impulse travels along a nerve is 
closely dependent on the temperature of the nerve, and 



Fio. 154 .— Arranoement of Nerve, Muscle and Lever for deter- 
mining THE Velocity of a Nervous Impulse. 

/, femur ; m, muscle ; t.a, tendon ; /, lever, movable about the end h ; 
weight to keen the mti.sclc stretched ; n, the nerve ; x and y, the two 
points at whicWhe nerve is stimulated 


diminishes as the nerve is cooled ; thus, by cofoling a frog’s 
nerve the rate may be reduced to as little as 1 metre 
(3 feet) per second. Hence it is not surprising thWi when 
experiments are made on the nerves of a warm-blooded 
human being, the rate of transmission is found to be 
somewhat greater, viz., 33 metres (or rather over 100 feet) 
per second, than in the cold-blooded frog. 

The most efficient stimulus which can be artificially 
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applied to a nerve for starting an impulse along it, is, as 
we have said (p. 472), an electrical stimulation. Further, 
as we have seen, each point of the nerve undergoes an 
electrical change, as the impulse reaches that point. 
These two facts frequently give rise to the entirely 
erroneous idea that a nervous impulse is of the nature of an 
electric current, similar to that which passes along a wire, 
as used for telegraphy. But this is by no means the case, 
since, without goinginto any other more abstruse reasons, we 
have shown that the rate at which an impulse travels along 
a nerve is on an average about 30 metres, or 100 feet, per 
second, whereas we know that electricity travels along a 
wire at a rate such that the transmission of signals over 
the wires of an ordinary land-line is practically instan- 
taneous. Even in one of the cables across the Atlantic 
Ocean (2,500 miles in length) only two-tenths of a second 
elapse after contact is made with the battery at one end 
before the effect can be first detected at the other end. 
Now, if a nerve could be used for transmitting an impulse 
as a signal from, say, London to Liverpool (200 miles), 
the signal would take nearly three hours (176 minutes) 
to reach its destination, travelling as it does at the 
rate of 100 feet per second. We have spoken of 
a nervous impulse as a “molecular disturbance” pro- 
pagated along a nerve. And if we may illustrate what 
is meant by this expression, by likening the process of 
the transmission of a nervous impulse to the transmission 
of any otlier condition with which most people are familiar, 
we might compare it with the passage of the explosion 
along a train of gunpowder when a spark is applied to one 
end of it. In this case the spark merely sets up a 
molecular change or disturbance in the grains of powder 
to which it is applied ; the change thus set up leads to a 
similar change in the next neighbouring grains and so on 
along the whole train of powder, so that ultimately the 
result of applying the spark at one end makes its 
appearance as a similar result at the other end of the train. 
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Similarly in a nerve we may regard the stimulus as setting 
up a change, whose nature we dd' not as yet understand, 
at the point to which it is applied ; this change 
sets up a similar change in the next neighbouring 
particles of the nerve, and so on until it finally ap})ears at 
the furthest end of the nerve. But a nerve, unlike the 
train of gunpowder, relays itself so long as it is alive, 
as soon as the impulse has passed along it, whereas 
the train of powder is “dead” after the j)assage of 
the explosion, and must be artificially rclaid for further 
use. , ^ 

8. The Properties or Functions of the Spinal Cord.™ 
Up to this point our experiments have been confined to 
the nerves. We may now test the properties of the spinal 
cord in a similar way. If the cord be cut across (say in 
the middle of the back), the legs and all the parts 
supplied by nerves which come oft* below the section, will 
be insendlM^ and no effort of the trill can make them 
move ; while all the parts above the section will retain 
their ordinary powers. 

When a man hurts his back by an accident, the cord is 
not unfrequently so damaged as to be virtually cut in two, 
and then insensibilit]} and paralysis of the lower part of the 
body ensue. 

If, when the cord is cut across in an animal the cut 
end of the portion below the division, or away from the 
brain, be irritated, violent momments of all the muscles 
supplied by nerves given off from the lower part of the 
cord take place, but no sensation is felt by the brain. On 
the other hand, if that part of the cord, which is still con- 
nected with the brain, or better, if any afferent nerve 
connected with that part of the cord be irritated, s^tisations 
ensm, as is shown by the movements of the animal ; but 
in these movements the muscles supplied by the nerves 
coming from the spinal cord below the cut take no part j 
they remain perfectly quiet. 

Thus, it may be said that, in relation to the brain the 
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cord is a great mixed motor and sensory nei^e. But 
it is also much more. * 

Reflex Action through tlie Spinal Cord. — If the trunk 
of a spinal nerve be cut tlirough, so as to sever its 
connection with the cord, an irritation of the skin to 
wliich the sensory fibres of tliat nerve are distributed 
produces neither motor nor sensory effect. But if the cord 
be cut through anywhere so as to sever its connection with 
the brain, irritation applied to the skin of the parts suj)- 
])lied with sensory nerves from the part of the cord below 
the section, though 3it gives rise to no sensation, may pro- 
duce violent motion of the parts supplied with motor nerves 
from the same part of the cord. 

Thus, in the case supposed above, of a man whose legs 
are paralysed and insensible from spinal injury, tickling 
the soles of the feet will cause the legs to kick out convul- 
sively. And as a broad fact, it may be said that, so long 
as both roots of the spinal nerves remain connected with 
the cord, irritation of any afferent nerve is competent to 
give rise to excitement of some, or the whole, of the efferent 
nerves so connected. 

If the cord be cut across a second time at any distance 
below the first section, the efferent nerves below the second 
cut will no longer be affected by irritation of the afferent 
nerves above it — but only of those below the second 
section. Or, in other words, in order that an afferent 
impulse may be converted into an efferent one by the 
spinal cerd, the afferent nerve must be in uninterrupted 
material communication with the efierent nerve, by means 
of the'substance of the spinal cord. 

This peculiar power of the cord, by which it is com- 
petent to convert afferent into efferent impulses, is that 
which distinguishes it physiologically, as a central organ, 
from a nerve, and is called reflex action. It is a power 
possessed by the grey matter, and not by the white 
substance of the cord. 

The number of the efferent nerves which may be 
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^excited %y the reflex action of the cord, is not regulated 
alone by the«pumber of the afferent nerves which are 
stimulated by the irritation which gives rise to the reflex 
action. Nor does a simple excitation of the afferent nerve 
by any means necessarily imply a corresponding simplicity 
ill the arrangement and succession of the reflected motor 
impulses. Tickling the sole of the foot is a very simple 
excitation of the afferent fibres of its neiwes ; but in order 
to produce the muscular actions by which the legs are 
drawn up, a great multitude of efferent fibres must act in 
regulated combination. In fact, in a iHpltitude of cases a 
reflex action is to be regarded rather as the result of a 
dormant activity of the spinal cord awakened by the 
arrival of the afferent impulse, as a sort of orderly explosion 
fired off by the afferent impulse, than as a mere rebound 
of the afferent impulse into the first efferent channels 
open to it. 

The various characters of these reflex actions may be 
very conveniently studied in the frog. If a frog be d^ca- 
pitated^ or, better still, if the spinal cord be divided close to 
the head, and the brain be destroyed by passing a blunt 
wire into the cavity of the skull, the animal is thus de- 
prived (by an operation which, being almost instantaneous, 
can give rise to very little pain) of all consciousness . and 
volition, and yet the spinal cord is left intact. At first the 
animal is quite flaccid and apparently dead, no movement 
of any part of the body (except the beating of the heart) 
being visible. This condition, however, being the result 
merely of the so called shock of the operation, very 
soon passes off, and then the following "^acts may be 
observed. 

8o long as the animal is untouched, so Idkg no 
stimulus is brought to bear upon it, no movement? of any 
kind takes place : volition is wholly absent. 

If, however, one of the toes be gently pinched, the leg is- 
immediately drawn up close to the body. 

If the skin between the thighs around the anus bo* 
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pinched, the legs are suddenly drawn up and thrust out 
again violently. * 

If the flank be very gently stroked, there is simply a 
twitching movement of the muscles underneath ; if it be 
more roughly touched, or pinched, these twitching move- 
ments become more general along the whole side of the 
creature, and extend to the other side, to the hind legs, 
and even to the front legs. 

If the digits of the front limbs be touched, these will 
be drawn close under the body as in tlie act of clasping. 

If a drop of \in'>gar or any acid be placed on the top of 
one thigh, rapid and active movements will take place in 
the leg. The foot vill be seen distinctly trying to rub off 
the drop of acid from the thigh. And what is still more 
striking, if the leg be held tight and so prevented from 
moving, the other leg will begin to rub off the acid. 
Sometimes if the drop be too large or too strong, both 
legs begin at once, and then frequently the movements 
spread from the legs all over the body, and the whole 
animal is thrown into convulsions. 

Now all these various movements, even the feeblest 
and simplest, require a certain combination of muscles, 
and some of them, such as the act of rubbing off the acid, 
are in the highest degree complex. In all of them, too, a 
certain purpose or^ end is evident, which is generally 
either to remove the body, or part of the body, from the 
stimulus, from the cause of irritation, or to thrust away 
the offending object from the body : in the more complex 
movements such a purpose is strikingly apparent. 

It seems, in fact, that in the frog ’s spinal cord there 
are sets of nervous machinery destined to be used for a 
variety of movements, and that a stimulus passing along 
a sensory nerve to the cord sets one or the other of these 
pieces of machinery at work. 

Thus one important function of the spinal cord is to 
serve as an independent nervous centre, capable of oiagin- 
ating combined movements upon the reception of the 
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impulse of an afferent nerve, or rather, perhaps, a group of 
such indepenclent nervous centres. 

In all these reflex actions of the s[>inal cord, tlie 
structures necessary for their performance are, as already 
pointed out ([>. 340), a sensory surface, an afterent nerve, 
a portion of the grey matter of the cord, an efferent 
nerve, and a muscle or group of muscles. In the case of the 
headless frog, the actions are of course quite involuntary, 
and performed unconsciously, and the same remark holds 
good in the case of a man whose spinal cord is so injured 
as to be practically cut in two. But t yen in an uninjured 
healthy man, similar reflex actions, although now under the 
control of the will, are strikingly manifest, and play an 
important part in his everyday life. Thus the act of walk- 
ing, though started by the will, is subsequently a reflex 
action. - When engaged in conversation or buried in 
thought, a ])erson walks with all his ordinary dexterity, 
but in entire unconsciousness of the action. In this case 
the afferent impulses are largely started from the stimula- 
tion of the skin of the feet and legs which results from 
the varying pressure and contact with the g]*ound. Hence 
the staggering gait in cases Avhere, as a result of disease, the 
chain of structures requisite for the liberation of the 
reflexes is broken, as for instance by disease of the 
posterior (afferent) roots of the spinal iiurves. In such' cases 
walking is frequently possible only as the result of look in f f 
at the ground ; this accords with the fact that even in 
health afferent impulses started in the sensory surface 
(retina) of the eye play an important part in giving rise to 
the reflexes of walking. But, on the other hand, blind 
persons walk with no little dexterity. 

Again, the actions of micturition and defmcjition are 
really reflex actions carried out by the spfnal cord, as 
soon as they have been started by the will ; here the 
sensory surfaces are the mucous membrane of the bladder 
or rectum, the necessary stimulus being supplied as the re^ 
suit of their distension by the accumulated urine or faeces. 
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Using the expression reflex action in a ratlier wider and 
more general sense we m/^y here again draw attention to 
the importance of these actions to the working and wel- 
fare of the body as regards the relationships of its internal 
mechanisms. Thus we have seen that certain parts of the 
spinal bulb, or medulla, which for our present purpose 
may be regarded as part of the spinal cord, are connected 
with the heart (cardio-inhibitory centre), blood-\^essels 
(vaso-motor centre), and respiratory muscles (respiratory 
centre) in such a way that impulses arising in outlying 
parts of the body, icad reflexly to such moditied activity 
of each of the above systems, as may from time to time be 
necessary. (See pages 7b, 70, 161). 

llettex action is a property of the central nervous 
system which is not confined to the spinal cord alone, or 
t« the spinal bulb to which we have just extended it, 
but is also a marked characteristic of the varied activities 
of the brain. But to this point we shall return later 
on. 

The Paths of Conduction of Afferent and Efferent 
Impulses alon^ the Spinal cord. The spinal cord has 
a further most important function beyond reflex action, 
namely that of transmitting nervous impulses, as a great 
mixed motor and sensory nerve leading from the brain, 
between the braifTTnd the various organs, such as the 
muscles and the skin, with which the spinal nerves arc 
connected. When we move a foot, certain nervous 
impulses, starting in some part of the cerebral hemispheres, 
pass down along the whole length of the spinal cord as 
far as the roots of the spinal nerves going to the legs, and 
issuing along the fibres of the anterior bundles of these 
roots find their way to the muscles which move the foot. 
fSimilarly, when the sole of the foot is touched, afferent 
impulses travel in the reverse way upward along the 
spinal cord to the brain. And the question arises, in 
what manner do these efferent and afferent impulses travel 
along the spinal cord ? 


1 I 2 
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This question is one very difficult to answer, and indeed, 
a complete and exact statement, is not, at present, 
possible. But we must now explain the method by which 
most of our present information has been obtained, and 
point out the chief and most definite facts which have been 
arrived at. 

We have seen previously (p. 469) that when a nerve is 
cut, a structural change of its fibres starts at the cut. 
This is spoken of as a “degeneration," and since it 
indicates a breakdown in the proper nutrition of those 
fibres which are seen to degenerate lUcfy, as in the case of 
the roots of the spinal nerves, be used to determine the 
relationship of nerve fibres to the centres ujioii which 
their nutrition depends. The w'hite matter of the spinal 
cord is composed of fibres which are in all essentials the 
same as those of an ordinary medullated nerve, and thesb 
fibres of the white matter may similarly degenerate when 
cut off from the centres on which their nutrition depends. 
Hence, if the whole spinal cord be cut across transversely, 
or if transverse cuts be made into any part, or the -whole 
of any one or more of the columns of white matter of 
which tlie cord is so largely made up, degenerative changes 
may start from the point of section, and by the course they 
pursue up and down the cord, enable us to follow the 
course of certain fibres or bundles of fibres in tliat 
white matter. Now this is exactly wffiat does happen when 
the cord is cut, and this “degeneration method" has 
provided the best means for answering the question as to 
how and along what paths afferent and efferent impulses 
travel up and down the spinal cord. 

When the cord is cut across degenerative changes take 
place in parts of the white matter, both aboW and below 
the point of section. These changes only affect limited 
pai*ts of the white matter, and the parts which are affected 
above the cut, that is up towards the brain, are different 
in position from the parts which are affected helo^v the 
point of section. The changes which start from the 
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cut and take place upwards along the spinal cord, towards 
the brain, are spoken of as ascending* degenerations ; 
those which are observed to occur donmivards from below 
the section, arc known as descending degenerations, the 
terms ascending and descending being thus used to denote 
structural changes which skirt from the section and pass up 
towards or down from the brain res})cctively. Moreover, 
since the parts which degenerate arc limited as to their 
transverse sectional area while running for very consider- 
able distances along the white matter of the s])inal cord, 
they are usually spoken of as “tracts,” and since these 
tracts serve very definitely for the transmission of 
impulses up and down the cord, they denote very 
definite patlis of conduction along the spinal coi:,(l. 

Having thus explained the method of experimenting, 
w'e may now state the chief results obtained by its 
application. 

(A). Tracts of ascending degeneration, 

(i)^^he Median- Posterior or Postero-median Tract.— 

This tract occupies the median part of the posterior 
white columns of the spinal cord, adjacent to the posterior 
fissure, in each half of the cord. (Fig. 155, jxm., p. m,). 

The degen eratipj;V«fi5»hich marks out this tract follows not 
only upon sections of the cord ftself, but more especially 
from cutting the posterior roots of the spinal nerves ; it is 
therefore the result of a severance of the fibres in this 
part of thS cord from their nutritive centres in the cells of 
the ganglion on the posterior root. Hence it marks the 
course of fibres passing up the cord from the posterior 
roots, and denotes the path along which afferent (sensory) 
impulses travel up from the spinal nerves. Since these 
nerves are given off all along the cord, the median- 
posterior tract is necessarily found to exist throughout the 
whole extent of the cord, and may be traced up into 
the spinal bulb, where it ends on the side up which it 
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(ii). The Cerebellar Tract. — H'liis tract lies in the outer 
and hinder part of the lateral columns (Fig. 155, (Jh., Ob.). 
The degeneration which marks its course results solely 
from sections of the cord itself, and not of any of the 
spinal nerve roots. It begins in the lower end of the cord 
at the level of the second lumbar nerve, passes straight up 
to the spinal bulb and then into the cerebellum by means 
of the inferior i^edunde (see p. 501) of this part of the 



Fia. 155.— Diagram to show the Position of Tracts of Ascending 
Degeneration in the White Matter of the ISpinal Cord at the 
Level of the Firm Cervical Nerve. 

A.F, anterior fissure; P.F. p^terior fissure; p\t.y r m. the nieilmn 
posterior tract, or tract of fibrds from the iiosterior rt)ots of the .spinal 
nerves; Ch, Cb, the cerebellar tmct ; asc. a.l., asc. a.l. the ascending 
antero- lateral tract. 

The grey matter of the cord is shaded black. 


brain. The fibres in this tract are believed to originate 
from processes of those cells in the grey matter which form 
a conspicuous group at the base of the dorsal horn, and 
are known as Clarke’s column. (See Fig! 150, 3). 

(iii). The A scending; Antero-lateral Tract. — This tracl:, 
like the cerebellar, can only be made evident as the 
result of injury to the cord itself. It lies in the outer 
and anterior part of the lateral column (Fig. 155, asc. a.L, 
me, a.l.) and commences rather lower down in the cord 
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than does the cerebellar ^ract, but like the latter runs up 
to the spinal bulb, and enters the cerebelhnu by means of 
its superior pethi'ude. 

B. Tracts of descemliiKj dcijenendion. 

(i) The Crossed Pyramidal Tract. — This is a large 
and conspicuous tract in the inner and hinder part of the 
lateral column (Fig. 156, O/'.p., Or'.//.). 

It extends along the whole length of the cord, passing 
down into the corjJ from the spinal bulb. The fibres of 


PF. 



Fio. 156. — Dtaoram to snow thr Position of Tracts of Descenoinc? 

t)EOF,NKRATION IN T|,Ui WHITE MATTER OF THE tSl’lN VL CoRD AT THE 
SAME *Fio, 155. 

Cr.'p., Cr'.p'. crossed pyramidal tracts; D/p.', D.p. direct pyramidal 
tracts ; desc. a./, desc. a.l. descending antero-lateral tract. 


this tract are believed to join on to those cells in the 
anterior horns of the grey matter whose process, as 
previously described (p. 463), gives rise to the nerve fibres 
which leave the cord as the efferent (motor) anterior roots 
of the spinal nerves. It may thus be regarded as the 
Iiath for efferent impulses coming down the cord on their 
w ay to outlying parts of the body. 

But this tract, unlike those we have so far described, 
does not end, or rather we should now say begin, in the 
spinal bulb. On the contrary, it may be traced up through 
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the bulb into the higher parts of, the ])raiii and is found 
to start from a certain portion of what we shall describe 
later on as the cortex of the cerebral hemispheres. 
It is upon the cells of this part of the cortex that the 
ti})res of the pyramidal tracts depend for their nutrition ; 
hence injury to this portion of the cortex leads to a 
degeneration which extends right down to the lowest end of 
spinal cord. These facts still further confirm the idea that 
this tract provides a path for efferent (motor) im[»uLses in 
the cord, since, as we shall see, that part of the cerebral 
cortex of which we are now speatcing, is specially 
concerned in the development of efferent (motor) 
impulses. 

The fibres of this tract which enter the sjfinal bulb 
from, say, the left side of the brain, cross over in the 
bulb, in what is known as the decussation of the lojraoxids 
(p. 515) just above the origin of the first cervical nerve, and 
then pass down the right side of the spinal cord. For 
this reason it receives the name of the ‘‘crossed” 
pyramidal tract. • 

(ii) The Direct Pyramidal Tract. — Tliis is a small tract 

in the median part of the anterior white columns, adjacent 
to the anterior fissure. (Fig. 156, i/.yA, d.p.). It really 
consists of a small portion of those which passed 

into the bulb as the main pyramidal tract coming from 
the cortex of the cerebral hemispheres, hut which have 
not crossed over in the bulb. Thus in Fig. 156 the direct 
tract D.p. comes from the same side of the brain as the 
crossed pyramidal tract (h\p., and a similiar r.emark 
applies to D.p', and Or' .p . ” 

(iii) The Descending Antero-lateral Tract.— This 
tract is not very clearly marked ; our knolvlodge of it is 
very imperfect and it is mentioned here merely for the 
sake of completeness (Fig. 156, desc.a.l., desc.a.L). 

Such are the functions of the spinal cord, taken as a 
whole. The spinal nerves are, as we have said, chiefly 
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distributed to the muscjcs and to the skin. But other 
nerves, such as those for instance belonging to the blood- 
vessels, the so-called raso-m<dor nerves (Lesson IT. p. 71), 
though many of them run for long distances in tlie sym- 
jmthetic system, may ultimately be traced to the spinal 
'e(>rd. Along the spinal column the spinal nerves give otf 
branches which run into and join the sym})athetic system. 
And the vaso-motor fibres which run along in the sym- 
pathetic nerves do really spring from the spinal cord, 
finding their way into tlie sympathetic system through 
tliese communicating or commissural branches. Besides 
which, some vaso-motor fibres run in spinal nerves along 
their whole course. 

Experiments moreover go to show that the nervous in- 
tluences which, through these vaso-motor nerves, regulate 
the blood-vessels, now forcibly constricting them, now 
allowing them t.o dilate, and now keeping them in a state 
of moderate or tonic constriction, proceed from the sjiinal 
cord, 

cord is, therefore, spoken of as containing centi‘c» 
for the vaso-motor nerves or, more shortly, vaso-inoti^r 
cent ran. 

For example, tlie muscular walls of the blood-vessels 
■S^unnlving the^ ^ e i iiiw^id the skin of the head generally, are 
made to'^^bntract, as has been already mentioned, by 
nervous fibres derived immediately from the sympathetic. 
These fibres, however, do not arise from the sympathetic 
ganglia, but simply pass through them op their way from 
the spinal cord, to tlie upper dorsal region of which they 
can all be traced. At least, this is the conclusion drawn 
from the facts, that irritation of this region of the cord 
produces the same effect as irritation of the vaso-motor 
.nerves themselves, and that destruction of this part of 
the cord paralyses them. 

It has, however, been further shown that the nervous 
influence does not originate here, but proceeds from 
higher up, from the medulla oblongata in fact, and simply 
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passes down through this part oi» the spinal cord on its 
way to join the syinijathetic nerves. 

9. The Sympathetic Nervous System.— The sym- 
patlietic system consists chiefly of a double chain of 
ganglia lying at tlie sides and in front of the spinal 
column, and connected with one another, and with the 
spinal nerves, by commissural cords (Fig. 142). From 
these ganglia, nerves are given off which for the most 
part follow the distribution of the blood-vessels, but 
which, in the thorax and abdomen, forj^i great networks, 
or plexuses, upon the heart and about the stomach and 
other abdominal viscera. A great number of the fibres 
of the sympathetic system are derived from the spinal 
cord ; but others originate in the ganglia of the sym- 
pathetic itself, of which some run back into the s])inal. 
nerves for distribution to the blood-vessels of the limbs. 

By means of the sympathetic nerves the muscles of the 
vessels generally, and those of the heart, of the intestines, 
and f)f some other viscera may, as wo have seen, be in- 
fluenced ; and the influence thus conveyed, it may 
remarked, is generally diflferent to, or even antagonistic to 
that which is conveyed to the same organs ])y the fibres 
running in the spinal or cranial nerves. Tims while 
irritation of the (cranial) pneuinogastrte"'fi4.:v\s stops 
heart, irritation of the sympathetic fibres going to the 
heart increases the beat. 

But the influences which thus reach these t organs 
through the sympathetic nerves, do not originate in the 
sympathetic system itself, but are derived from the spinal 
cord or brain. We have seen (p. 71) this to be the case 
in reference to vaso-motor nerves, and the same is true of 
the sympathetic nerves going to the heatt and other 
viscera. Whatever may turn out to be the function of 
the sympathetic ganglia, there is at present no ade(juate 
evidence that they in any way act as nervous centres, 
either of reflex action, or of any other form of nervous 
activity. Hence the sympathetic is not to be regarded as 
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a separate nervous syst«in, but as beini^ in reality merely 
an outlying part of the oerebrc^ s]dnal system, an outlying 
chain of ganglia, through wliich the fibres of a part of 
the ti’unk of each spinal nerve pass on their way to the 
viscera. This relationshi]) is made quite clear by the 
accom j )anyin g diagram. 



Fin. — PlAnRAM to lU.rSTRATR THE DlSTRlBTTTION OF THE Sl'INAL 
Nerves and their Helationship to the GANfsLiA of the yvMi’A- 

;i;UETD' S\STEM. 

ji,F, anterior fissure ; P.F, posterior fissure ; Gr, grey matter, 1(', white 
matter of spinal cord ; J, anterior root of spinal nerve ; On, ganglion on 
the p<.)sterior root ; N, the trunk of a spinal nerve ; JV', spinal nerve 
I»ropcr, ending in a skeletal iiiusolc 3/, in a sen.sory eell or surface S, or 
in otlier ways A* ; V, a liranch (white ramns coniinunicans) of the spinal 
nerves pas.sing to 2 a^ganglion of the sym}xithctic system, then pa.ssing 
^^W a s y ’ tosa 00 f&^%ii'iYe distant ganglion tr, and then as T" to some peri- 
pKerlJ^g«f1gncai a', and ending in a muscle in of the blood-vessels or 
viscera, in s an intenial (visceral) sensory cell or surface, or in other 
ways X, 

From 2 a nerve r.v. (grey ramus conimuuicans) runs hack and passes 
partly towards the sinnal cord and partly, as vaso-motor fibres in 

connection with the spinal nerve iV"', to lu' the muscles of blood ■'vessels 
in certain parts e.g. of the limbs. 

Sif, VSy, the main chain of the sympathetic systeih which unites the 
several ganglia 2 of that system. (See Fig. 142.)'^ 


The fibres wliich make up the essential structure of the 
nerves witji which we have so far dealt were spoken of as 
med^Uated^ because except at their peripheral and central 
terminations they possess the characteristic medulla 
(p. 456). But scattered among these medullaled fibres are 
a few which are often spoken of as non-mednllated. 
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because they possess no medulla. These non-medullated 
fibres are peculiarly abundant in the nerves of the sym- 
pathetic system, so much so that they are frequently 
called “sympathetic fibres.” They appear under the 
microscope as pale flattened bands^ about as wide as small 
medullated fibres, often fibrillated longitudinally, and 
frequently dividing. They appear, in fact, to be naked 
neuraxes (axis-cylinders), without medulla, and apparently 
without a neurilemma, though they bear at intervals t)n 
their surface nuclei which may represent the internod al 
nuclei of ordinary nerve fibres. ' 



Fig. 158 .— Pale Non-medullated Fibres from the Pneumooastric 
Nerve. (Ranvier.) 

n, nucleus ; p, protoplasm belonging to the nucleus. 


The ganglia of the sympathetic system are comp(V.ed o*t 
nerve cells bound together by a small amount of loose' 
connective tissue. The cells differ somewhat in ap- 
pearance and arrangement according to the ganglion in 
which they are seen, but speaking broadly and generally 
they may be said to resemble in their ■‘most obvious 
featqres the motor cells of the spinal cord, whose struc- 
ture we have previously described (p. 4^^). Like the 
latter, each nerve cell of a sympathetic ganglion contains 
a large and conspicuous nucleus, and the cell-body is pro- 
longed into . a varying but usually large number of 
branching processes (dendrites). Moreover, each cell 
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possesseB «one process which does not branch but passes 
away from the body of the cell as a (usually) non- 
7ned}illat^d nerv^e fibre, to be distributed to the various 
tissues (p, 490) which it influences, and is in this respect 
similar to the axis-cylinder process of a cell of the spinal 
cord. Each ganglion is also connected with nerve fibres 
which come to it from the central nervous system (Fig. 
157). These fibres mostly end in connections with the 
nerve cells. Sometimes a fibre does not end in the first 
ganglion it meets, but passes right through it into one 
of the nerves goiflg olF from that ganglion, and so reaches 
some other more distant ganglion. The number of 
nerve fibres which thus pass into tlie ganglion from the 
spinal cord is mucli less than the number of nerve cells 
in the ganglion ; hence many more nerve fibres are found 
coming from tlio ganglion than entering it. By this 
arrangement each ganglion pi'ovides, as it were, a sort of 
junction by means of which any nervous impulses which 
reiich it along any one path may be the more readily and 
jvudtflv distributed, along several paths, to the tissues. 

^ 10. The Structural Arrangements of the Brain and 
Spinal Bulb (Medulla Oblongata).— The brain is a very 
complex organ consisting of many parts. It occupies the 
cavity of the skull and is thus placed at the upper end of 
with which it becomes connected by means 
of the^nnal bulb^ ; this passes insensibly into, and in its 
lower part has the same structure as, the spinal cord. 
When viewed from the side, after the removal of the parts 
which cover in the cerebro-spinal system, the brain pre- 
sents the appearance shown in the following figure. The 
spinal cord (N) widens out into the bulb (M.Oh.) whose 
upper end passes on into the large comoluted ’Structure 
Jfi. C. 0.) which is called the (right) cerebral hemisphere. 
Lying beneath the hinder end of the hemisphere is a 
large laminated mass which overhangs the posterior side 

1 Throughout this section we shall use the word “ in shortness 

for spinal bulb, and in^te^^i of the older name “ medulla oblongata.” 
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of the bulb and is known as the cerebellum (06. ). When 
the brain is removed from the skull and looked at from 



'.v 


Fig. 159.— Side View of the Brain and Upper Pai^ of the Spinal 
Cord in PLAfiE — the Parts which cover the Cerebeo-Spinal 
Centres being removed. 

C. C. the involuted surface of the right cerebral ttomisphere ; Cb. the 
cerebellum; MMb. the medulla oblongata ; R the bodies of the cervical 
vertebne ; Sp. their spines ; N. the spinal cord with the spinal nerves. 

its base or under surface many further details may be 
at once mjwle out. Thus it becomes evident that the 
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brain consists of two lialves, corresj)oii(ling to each half of 
the spinal cord, lying syrametrically on each side of a line 
joining GO. and M. in Fig. 160. The bulb (ili) widens out 
at its upper end and gives off from each side a number of 
nerves (vii.—xii.) which are analogous to the spinal nerves 
but, as originating fiY)iu the brain, are called cranial 
nerves. The other six pairs of cranial nerves (i. — vi.) 
come off from parts of the brain in front of (above) the 
bulb. The cerebellum is seen to send out from each side 
towards the central line a large mass of transverse fibres 
which sweep acros^ the brain and meet, with a depression 
in the middle line, thus forming a sort of bridge from one 
half of the cerebellum to the other ; this bridge lies just in 
front of (above) the bulb and is called the pons Varolii. 
The number VI. is placed upon the pons in Fig. 160. The 
longitudinal nerve fibres of the bulb pass forwards 
(u}>wards in the figure), among and between the transverse 
fibres of the pons j and become visible again in front of it 
as two broad diverging bundles called crura cerebri, 
which plunge into the corresponding cerebral hemi- 
rfiy t r ere of each half of the brain. 

When the brain is viewed from above nothing is visi])lc 
beyond the convoluted surfaces of the two cerebral hemi- 
spheres, separated by a median fissure wdiose sides are in 
cc>ntad^ But if the sides of this fissure are cai’cfully 
puSn&ii^S^^t, the cerebral hemispheres may be seen to be 
connected with each other by an elongated transverse and 
horizontal mass of nerve fibres known as the corpus 
oaUoauin (shown as in Fig. 160). If the hinder 
ends ©f the cerebral hemispheres are raised, the whole 
upper surface of the cerebellum comes into view, and if 
the cerebellum is now lifted up, the posterior surface of 
the bulb is exposed. Unlike the anterior surface, which 
is conspicuously convex (see Fig. 160, M) the posterior 
surface is marked by a sliallow elongated diamond-shaped 
depression, forming the ctivity of the fourth ventricle. 
This cavity arises from the gradual divergence of the 
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Fig. 160 .— The B.\se or Under-Surface of the Bra\n. 


J, frontal lobe ; Ji, temporal lobe of the cerebral heminpheres ; Cb. 
^cerebellum ; I, the olfactory nerve ; JJ, the optic nerve ; II IV, Vf, the 
nerves of the muscles of the eye ; V, the trigeminal nerve ; VII, the 
facial nerve; VIII, the auditory nerve; IX, the glossopharyngeal; 
X, the pneumogasAric ; XI, the spinal accessory ; XII, the hypoglossal, 
or motor nerve of the tongue. The number VI i« placed upon the pons 
Varolii. Ihe crura cerebri are the broad bundle of fibres which lie 
between the third and the fourth nerves on. each side. The medulla 
oblongata (M) is seen to be really a continuatioa of the spinal cord ; on 
the lower end are seen the two crescents of grey matter ; the section, in 
fact, has been carried through the spinal cord, a little below the proper 
medulla oblongata. From the sides of the medulla oblongata are seen 
coming off the X, XI, and XII nerves ; and just where the medulla is 
covered, so to speak, by the tranvcrsely disposed pons VaroHi, are seen 
coming off the Vll nerve, and more towards the middle line the VI. 
Out of the su1t»tance of the pons springs the V nerve. In front of that 
is seen the well-defined anterior border of the pons ; and coming forward 
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posterior white columns of the spinal cord, while the 
depth of the posterior fissure is at the same time dimin- 
ished, so that the central canal of the spinal cord 
approaches* the floor of the fourth ventricle, and actually 
opens into the lower end of the cavity (Fig. 161) ; this 
4ower end of the ventricle is known as the calamus 
soriptorius, from its fancied resemblance in shape to 
the nib of a pen. The narrowed upper end of the fourth 
ventricle is continued forwards under the cerebellum. 

Having thus made out so much of the arrangement of the 
brain as may be s^len by mere external inspection, we may 
now proceed to examine its internal structure. For this 
purpose the 4nost instructive method is to cut a vertical, 
longitudinal section through the brain from front to back, 
passing through the middle line, and thus dividing it into 
two similar and symmetrical halves. When the cut 
surface of the right haK of the brain, as exposed by this 
section, is examined, the following further structural 
details may be made out, and are shown in Fig. 161. 

The corpnf^ callosum is seen cut across at cc. cc. cc. Above 
Liiis, and extending forwards and backwards, is the flattened 
exposed surface of the right cerebral hemisphere, which 
forms one side of the median fissure between the hemis- 
pheres, The upper end of the spinal cord, Sp.c., passes 
in^.tlie -6, in front of which the transverse fibres 
or bhe pons are seen in section at P, while the longitudinal 
fibres (jf the bulb run forward above the pons to emerge 
in front 'as one of the (right) crura cerehri. Anteriorly 
this crus disappears out of the section since it diverges to 


ill front of that line, between the IV and III nerves on either side, are 
seen the crura cerehri. The two round lx>dies in the angle between the 
diverging crura are tlie so-called cor^pora albicantia, and in front of them 
is P, the pituitary body. This rests on the chiasma, or junction, of the 
optic nerves ; the continuation of each nerve is seen sweeping round the 
crura cerebri on either side. Immediately in front, between the separ- 
ated frontal lobes of the cerebral hemispheres, is seen the corpus 
callosum, CC. The fissure of Sylvius, about on a level with I on the left 
and II on the right side, marks the division between frontal and 
temporal lobes. 


K K 
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the right (see Fig. 160) from the median line of the brain 
to enter the corresponding cerebral hemisphere. The 
cerebellum Ch, is seen in section overhanging the bulb, and 
between it and the bulb is the cavity, shaded and marked 



Fio. 101 .— View of tub: Right Half or a Hu.man Bkain as shown by 
A Longitudinal Hection in the Median Line through the Longi- 
tudinal Fissure. (After Sherrington.) 

Sp.c. spinal cord ; B, bulb; P, pons; CJi, crus cfrehri : JV/, corpus al- 
hicans ; Cb, cerebcUum ; c.c, central canal of spinal cord opening into 4, 
the fourth ventricle ; V.V, valve of Vieussens ; QP, QA, co 7 'pora rp" , * 

finnina, beneath which is the a<pu,ivrt of Sylvius leading*' iho 

fourth ventricle into 3, the cavity nf tlic third ventricle; P, pineal 
gland ; F, fornix or roof of third ventricle ; 07\ optic thalamus ; 

H, pituitary body ; OP, optic nerve cut across at the optic decussation 
(see Figs. ir»0 and 107) ; SL, a part of the septum lucidiuu, of which the 
remainder has been cut away to reveal NC, L V, the cavity of the lateral 
ventricle ; this communicates with the third ventricle by means of the 
foramen of Monro, whose position is marked by a small x at tlxe front 
end of the third ventricle ; cc,cc,cc, corpus callosump above which is the 
mesial surface of the right cerebral hemisphere. 


with a 4, to which we have previously alluded as the fourth 
ventricle. The Central canal c.c. of the spinal cord is shown* 
as an opening into the hinder end of the cavity of the 
fom*th ventricle, while the front end of the cavity is 
prolonged into a narrow passage, the aqueduct of 
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Sylvius, which leacl^ into a much larger cavity 
known as the third ventricle, and marked by a 3. 
Above this aqueduct are/o«r largely developed masses of 
tissue, but of these tivoonly are seen in the section at §/l, 
QP, since the four are arranged in tw^o pairs, one pair 
being placed each side of the middle line of the brain ; 
from their number (four) these structures have received 
the name of corpora quadrigemina. In front of the 
corpora quadrigemina is a small structure, seen in section, 
the pineal gland, P. The posterior corpus quadri- 
geminum is continuous with a thin layer of nervous 
tissue, which leads back into the cerebellum ; this 
forms an overhanging roof to the front end of the fourtli 
ventricle, and is known as the valve of Vieussens 
(Fig. 161, V.V.). The floor of the third ventricle is 
produced forwards and do^vnwards into a funnel-shaped 
space, to the tip of which is attached a body of a glandular 
nature known as the pituitary body (Fig. 160, P, and 
Fig. 161 , //). The roof of t)ie third ventricle is provided 
by a layer of tissue seen in section and known as the 
fornix (Fig. 161, F) ; this is connected posteriorly wdth 
the hinder end of the corpus callosum, and in front it 
curves downwards and backww'ds into the lateral w^all of the 
third ventricle towards the corpus albicans, M. The 
vepticcl 'ftp'ace between the fornix and the corpus callosum is 
filled in by a thin double layer of nervous tissue ; this is 
known as the septum lucidum. It lies in the plane of 
the paper on which the figure is printed, but only a small 
portion of it is shown at SL, The remaining part has been 
cut away in order to reveal a feature of which, so far, no 
mention has been made, viz., the darkly shaded cavity NC., 
LV., lying in the middle of the cerebral hemisphere, and 
known as the (right) lateral ventricle. The cavity of 
this ventricle communicates with that of the third ventricle 
by a small opening at x, the foramen of Monro. Since 
the septum lucidum consists of two layers there is a small 
flattened closed space between these layers in the middle 
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line of the brain ; this is spoken of as the fifth ventricle, 
but it has no actual connection with the other ventricles.^ 
(See Fig. 163, 5. ) Each lateral ventricle is a cavity of a very 
peculiar shape, one branch running forwards towards the 
front end of the hemisphere and one backwards towards 
the hinder end, and from the latter a third branch runs’ 
downwards and once more forwards. These correspond 
respectively to the chief lobes of which each hemisphere 
is made up, namely the frontal lobe, the parietal and 



Fig. 162.— Diagram to show the Shape of the Cavity of the Left 
Lateral Ventricle, its Connection with the Third Ventricle, 
AND the Connection of the Latter with the Fourth Ventricle, 
AND hence with THE CENTRAL CaNAL Oh THE SpINAL CORD. 

Drawn from a cas( of the ventricles. (After Welckor.) 

c.c. canal of spinal cord ; 4, fourth ventricle ; J.S- aqueduch.^f SvI/us ; 
3, third ventricle ; F.M. foramen of Monro ; IF, LF, IF, lateral «entnble 
with its anterior cornu, A. O., posterior cornu, F.C., and inferior coniu, I.C. 


occipital lobes, and the temporal lobe. These lobes are 
marked off on the surface of the hemispheres by fissures, 
of which the most conspicuous are tlie fissure of 
Sylvius, and the fissure of Rolando. (See Fig. 168). 

The cerebellum is firmly connected to the rest of the 
brain by the transverse fibres which help to form the 

1 Tlie two lateral ventricles, one in each cerebral hemisphere, are 
reckoned as the first and second ventricles ; hence the space between the 
laj^ers of the septum lucidum is known as the fifth ventricle. 
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pons Varolii (Fig. 16Q), and constitute the middle 
peduncle of each lialf of the cerebellum. But each 
half has a further attachment by means of two other 
bands of fibres. Of these one coming out of the central 
(medullary) part of the cerebellum on each side, runs 
forwards towards, and disappears under, the corpora 
cpiadrigemina ; this forms the superior peduncle. 
The other runs backwards towards the bulb and merges, 
as the inferior peduncle, into that part of the bulb 
which is a continuation upwards of the lateral columns of 
white matter of tfie spinal cord. 

We have seen that the spinal cord consists essentially 
of a central* canal surrounded by grey matter containing 
nerve cells, external to which is a covering of white 
matter composed of nerve fibres ; and the arrangement of 
the grey and white matter is comparatively simple. Now 
from the description we have so far given of the brain, it 
is evident that the brain may also be regarded as being 
built up of structures which are placed round the sides of 
a central canal, which is really continuous with the canal 
of the spinal cord. But, unlike the latter, the canal of 
the brain, consisting of the ventricles and aqueduct, is not 
a simple straight tube, but has a very peculiar shape. 
Moreover, although the brain is made up of grey and 
whitt; matters, which by their greater or less development 
form the structures of varying size which make up the 
brain as a whole, the grey and white matters are not ar- 
ranged in any simple way as they are in the spinal cord. 
On the contrary, although in the brain a great deal 
of the grey matter is placed externally to the 
white, the latter is interspersed with localised de- 
posits of grey matter, some large, some small, which give 
to the whole an extraordinary complexity. And this 
complexity is still further increased by the existence of 
strands or bundles of nerve fibres, which serve to inter- 
connect all these various deposits of grey matter, so as to 
ensure the possibility of co-ordinated action between each 
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individual part of wliich the brain as a whole is built up. 
It would be neither possible nor desirable to attempt to 
deal in any detail in this book with the varied arrange- 
ments of the several deposits of grey matter in the brain, 
and with their connectitms by strands of white matter. 
But some of them stand out so conspicuously as structures,'” 
and are so important in their functions, that we must of 
necessity take them into consideration. 

The Corpora Quadrigemina. — These have already been 
described as four conspicuous masses of tissue lying in 
two pairs above the aqueduct of Syl^^ius. They consist 
of deposits of grey matter in the otherwise thin wall of 
the roof of the aqueduct. Each deposit if^ surrounded 
by white matter, and from each bands of fibres run 
obliquely downwards and forwards, those from the 
anterior i>air of the corpora making connection with* 
structures connected with the optic nerve (Fig. ICO, II. \ 
while those from the posterior pair are believed to make 
similar connections with the nerves concerned in hearing 
(Fig. 160, VIII.). 

The Optic Thalami. — The longitudinal fibres of the^ 
bulb, passing between the transverse fibres of the pons 
reappear, as we have seen, in front of the pons as the 
crura cerebri. These diverge from the middle line to^ 
enter the cerebral hemispheres. As each crus piisses'into 
the base of the corresponding hemisjjhere, it receives on 
its upper surface a large deposit of grey matter placed 
somewhat obliquely across its course ; this mass of grey" 
matter is the optic thalamus. Lying thus to one side 
of the third ventricle, and under the lateral ventricle, it is 
easily seen how eacli optic thalamus comes to form a pro- 
jection in the outer side- wall of tHe third ventricle, and 
on the floor of the lateral ventricle. Tlius the optic 
thalamus is shown at 0. T. in Fig. 161, as part of the wall 
of the third ventricle, and as 0. T. in Fig. 163, which re- 
presents in diagram a horizontal section through the 
hemispheres passing above the floor of the ^ lateral 
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ventricles. The innei^ sides of the optic thalaini are 
connected by a small commissure (Fig. 163, C.\ which 
extends across the thixxl ventricle ; their outer sides are 
imbedded in the substance of the cerel)ral hemispheres 
with which they are connected by nerve fibres, and from 


oc 



Fig. ] 03.— Diagram of a SoRizoN'fAL Section of the Brain above the 
Floor of the Lateral Ventricles. (Afier Hibschfelu and Leveille.) 

Sp.c. spinal cord ; B, bulb ; Ch, Cb, cercliclliun ; 4, fourth ventricle ; 
Q.P., (i?. .4 f corpora qiuidrigeinina ; P, iiiucal gland; 3, third ventricle; 
5, fifth ventricle ; cc, front part of corpus callosum ; LV, L V, L V, lateral 
ventricle; OT., optic thalami *, CB, CB, fcorpus striatum; C, com- 
missure of optic thalami. On the left side CB mark.s the coipus 
striatum, into which an incision has been made and a flap, /., turned 
back to show its intemal striated appearance. 


their hinder end a bundle of fibres sweeps forward to 
pass into the tract of the optic nerves. 

The Corpora Striata. — Each corpus striatum may be 
regarded as a mass of grey matter deposited obliquely, as 
was each optic thalamus, on the course of the crura 
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cerebri, but lying somewhat in frgnt of the optic thalami. 
Hence the corpora striata are seen as a projection on the 
floor of the lateral ventricles (Fig. 163, G.S., C.S.), and as 
part of the side wall of the front end of this ventricle 
(Fig. 161, NC.). Each corpus consists of two parts, one 
lying in front of the optic thalamus, the other further 
back and by the side of the thalamus. The larger part of 
each corpus striatum is imbedded in the neighbouring 
substance of the cerebral hemisphere, with which it is 
intimately connected by nerve fibres. It is also similarly 
connected with the fibres of the crus onVhich it lies. 

A clear understanding of the position and relations of 
the optic thalami and corpora striata is essential in con- 
nection with the course of a tract of nerve fibres with 
which we shall deal later, known as the internal 
capsule. 

The Membranes of the Brain. — The brain is invested 
by three membranes which are the same in name, and 
similarly placed and related to each other as those which 
we have previously described as covering the spinal 
cord (see p. 448). Of these the pia mater is highly 
vascular, and carries blood-vessels down into the grey 
matter, especially in the sulci or grooves to which 
the convoluted appearance of the surface of the brain 
is due. Moreover, it forms a roof to the hinder 
part of the cavity of the fourth ventricle, and a highly 
developed layer of the pia mater is tucked in under the 
hinder end of the cerebral hemispheres to form the roof 
of the thii*d ventricle^ ; this is known as the velum 
interpositum. The edges of this velum as it lies 
beneath the fornix project on each side into the cavities 
of the lateral ventricles and are here known as the 
choroid plexuses, the whole being arranged with a 
view to the nutrition of the internal parts of the 
brain. The cavities of the cerebral ventricles, and 
hence of the central canal of the spinal cord, are 
placed in communication with the subarachnoid space, by 
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a small opening in the pia mater covering the hinder end 
of the fourth ventricle ; this opening is known as the 

foramen of Magendie. 

11. The Minute Structure of the Brain.- In the 

^)inal bulb the arrangement of the white and grey matter 
IS substantially similar to that which obtains in the 
spinal cord, that is to say, the white matter is external and 
the grey internal; but the grey matter, containing, as in the 
spinal cord, nerve cells, is more abundant than in the 
spinal cord, and the arrangements of white and grey 
matter become mitch more intricate and complex. The 
structure of the white matter of the brain is essentially 
the same as ‘that of the spinal cord. 

Above the bulb there are internal deposits of grey matter, 
containing nerve cells, at various places, more especially in 
the pons Varolii, the crura cerebri, the corpora quadri- 
gemina, optic thalami and corpora striata. And there is a 
remarkably shaped deposit of grey matter in the interior of 
the cerebellum, on each side. But what especially charac- 
terises the brain is the presence of grey matter of a 
special nature, containing peculiarly shaped nerve cells, 
on the surface of the cerebral hemispheres known as the 
cortex, and similarly a special grey matter forms the 
surface of the cerebellum. This superficial grey matter 
covers the whole surface of both these organs, dipping 
down into the fissures (sulci) of the former, and 
following the peculiar plaits or folds into which the latter 
is thrown. 

The. Cerebellum. — The surface of the cerebellum pre- 
sents a corrugated or laminated appearance. When a 
section is made through one of its hemispheres it is seen 
that the depressions which separate the laminae give off 
secondary lateral depressions as they pass towards its 
centre, so that tlie surfa^ is really divided up into a very 
large number of leaf -like foldings which are known as the 
lamellaB. The central part of the cerebellum consists of 
white matter which is essentially the same as the white 
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matter of the spinal cord, tliat is to say, it is made up 
chiefly of medullated nei*ve tibrds. Portions of this white 
matter extend outwards into the primary foldings and 
secondary lamelhe of the cerebellar surface, and are 
covered by grey matter, the arrangement tliiis presenting 
a very characteristic arborescent appearance when seen ift 
section.^ 

When a section of the external grey matter is cut at 
right angles to the surface of a lamella, stained, and ex- 
amined under the microscope, it is found to consist of two 
layers. The innermost, lying next ta tlie central white 
matter, is made up of a large number of small closely- 
packed cells supjKjrted by neuroglia (see p. 460) and is 
known as the nuclear layer (Fig. 1G4, N), The outer 
layer, immediately under the pia mater, shows a few cells, 
but the chief appearance it presents is that of a granular 
mass made up of closely- set dots. These dots are in 
reality the cut ends of fibres of which some belong to 
the supporting neuroglia, but of which the majority are 
nerve fibrils. From its punctated appearance (Fig. 
164, x.) this layer, which is much broader than the 
nuclear^j layer, is known as the molecular layer 
(Fig. 164, M.). Between these two layers lies a row of 
nerve cells of very striking and characteristic appearance, 
known as the cells of Purkinj6 (Fig. 164, 1). These 
are pear-shaped, with a large and conspicuous nucleus, 
the bulbous inner end resting on the nuclear layer, 
while the outer end divides into a large number of 
processes which run out into the molecular layer as finer 
and finer branches. The granular appearance of the 
molecular layer is in part due to the close juxtaposition of, 
the cut ends of these branches or dendrites from the cells of 
Purkinj4. The inner end of each cell bears a single process 
which is usually cut through near the cell but is really pro- 
longed down into the central wMde matter as a medullated 
nerve fibre. Such are the details which can be made out 
1 This is somewhat imperfectly shown in Figs. 161 and 163. 
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THE CEREBELLAR CORTEX 



TTin lfi4 —Diagram to illustrate the Structure of the Superficial 
Grey Matter of the Cerebellum as seen in a Iransverse Section 
OF A Lamella. 

* nr invor • N nuclear layer; W, central white Matter; 

1 ™llTRiAhii4 2,’8pider-t!en; 6, ^ of Golgi; 8, basket-cell with 
okroflu takets, b ; i, another kind of ccU In the molecute layer ; 
/ tendril fibre ; m, moas-fibre. . . . 

’ In the case of each cell a is the axon or mam undivided process, d is 
a dendrite or divided process. 



508 


ELEMENTARY PHYSIOLOGY 


LESS. 


in an ordinarily stained section. But by employing special 
methods of staining many further details come into view, 
and putting all these together we are justified in con- 
structing the preceding diagrammatic Figure 164 to show 
the nature and relationships of the cells of the cerebellar 
cortex and of its two layers to the fibres of the central 
white matter. 

In this figure th^ cells which call for special attention 
are the following. The cell of Purkinjo (1) with its 
central axon (a) and peripheral dendrites (d). The 
basket-cell (3) with its axon (a) and baskets (h) ; the 
baskets in reality surround the bodies of cells of Purkinje 
which, for the sake of clearness are not sfhown in the 
diagram. The spider-cell (2) in the nuclear layer with its 
axon (a) running into the molecular layer and dendrites (d). 
Also in addition to the fibre derived from the inner end of 
the cell of Purkinje it is important to notice the moss- fibre 
(m) whose outer end terminates by branching in the 
nuclear layer and the tendril-fibre (t) which ]>asses 
further outwards but ends similarly in the molecular layer. 
The direction in which impulses are supposed to travel 
along these fibres is indicated by arrows. 

The Cerebral Cortex. — The structure of the superficial 
grey matter of the cerebellum is practically the same, in 
each part of the cerebellar cortex. In the cerebrum, on 
the other hand, the details of structure vary not incon- 
siderably according to the region of the cortex from 
which a section is prepared. Into these differences we 
cannot enter, but must content ourselves with a somewhat 
diagrammatic description and figure in illustration of the 
general structural arrangement of the cells and fibres of 
the cortex as a whole. 

The grey matter is permeated throughout its whole, 
thickness by a neuroglia which is essentially the same 
as that of the rest of the central nervous system. 
This forms the supporting tissue in which the nerve 
cells of the cortex are imbedded and through 
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Fig. 1C5. —Diagrammatic Figure to illustrate the Structure (^f a 
, Typical Section of the Cerebral Cortex. 

[. Molecular layer. 11. Layer of pyramidal cells, tlf. Layer of poly- 
morphous cells. 

c and c\ cells of the molecular layer ; p", p"% pyramidal cells ; 

P, cell of the polymorphous layer ; m.r. medullary ray of nerve fibrils 
from central white matter ; x, z, tangential bundles of nerve fibrils. 
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which the fibrils of nerves pass to and from these 
cells from the central white matter. The latter is 
composed, as in the cerebellum, of medullated nerve 
fibres. This neuroglia is most marked in the outermost 
parts of the cortex, immediately below the pia mater, and 
since in a section its wavy fibres are mostly seen as 
sectional dots, this layer of the cortex is known as the 
molecular layer (Fig. 165, 1). Internally to this layer 
the cortex is characterised by the presence of nerve cells 
whose shape is pyramidal with the apex of each cell pointed 
towards the surface of the brain. Tliis layer may there- 
fore be spoken of as the layer of pyramidal cells 
(Fig. 165, 11). These cells vary in size in the* several parts 
of this layer, the largest being found in the inner portion, 
the smallest next to the molecular layer. That part of 
the cortex which lies immediately external to the central 
white matter is characterised by the presence of nerve 
cells of a somewhat irregular form, hence this layer is 
known as the layer of poljrmorphous cells (Fig. 165, 
J/i). 

In addition to the nerve cells and their processes which 
characterise the several layers of the cortex, nerve fibrils 
pass up into and through the cortex from the central 
white matter. Of these some are arranged in bundles 
at right angles to the surface of the cortex, medullary 
rays (Fig. 165, m.r.) while others lie parallel to the surface 
as tangential rays (Fig. 165, x.y.z.). 

12. The Cranial Nerves.— Nerves are given* off from 
the brain in pairs, which succeed one another from before 
backwards, to the number of twelve (Figs, 160 and 166). 
These are often called *^c7'anial'' nerves, to distinguish 
them from the spinal nerves. 

The first pair j counting from before backwards, are the- 
olfactory nerves, and the second are the optic nerves. 
The functions of these have already been described. 
But these two nerves require special notice. That which 
is commonly called the olfactory “nerve is really a lobe 
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of fclie brain and contains ^lerve cells. The proper olfac- 
tory nerves are bundles of' fibres which proceed from the 
under surface of the above and traverse the cribriform 
plate to be distributed to the olfactory mucous membrane. 
And it is an extremely remarkable fact that these fibres 
closely resemble the non-medullated fibres of the sympa- 
thetic nerves, in being hardly anything more than 
neuraxes, bearing nuclei at intervals. A sheath, appar- 
ently representing the neurilemma, is however present in 
each fibre. 

The optic “nervi” is also properly speaking a lobe of 
the brain, and it retains its character as a part of the 
central nervofis system in so far as its fibres have no 
neurilemma and are nodeless, but it contains no nerve cells 
along its course. 

' The third pair arc called motor oculi (mover of the 
eye), because they are distributed to all the muscles of the 
eye except two. 

The nerves of the fourth pai)% trochlear, and of the 
filxth pair, abducens, supply, each, one of the muscles of 
the eye, on each side ; the fourth going to the superior 
oblique muscle, and the sixth to the external rectus. 
Thus the muscles of the eye, small and close together as 
they, arc, receive their nervous stimulus by three distinct 
nerves. 

Each nerve of the fifth pair is very large. It has two 
roots, a motor and a sensory, and further resembles a 
spinal nerve in having a ganglion on its sensory root. It 
is the nerve which supplies the skin of the face and the 
muscles of the jaws, and, having three chief divisions, 
is often called trigeminal. One branch containing 
sensory fibres supplies the fore-part of the mucous 
membrane of the tongue, and is often spoken of as the 
(justatory. 

The seventh pair furnish with motor nerves the muscles 
of the face, and some other muscles, and are called 

facial. 
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The eighth pair are the auditory nerves. As the 
seventh and eighth pairs of nerves leave the cavity of t]i6 
skull together, they are often, and especially by Englisli 
writers on anatomy, reckoned as one, divided into portia 
(hira^ or hard part (the facial) ; and portio moZL'.s-, or soft 
])art (the auditory) of the “seventh ” pair. The auditofy 
is, as we have seen (p. 3()G), further divided into the 
cochlear and vestibular nerve. (See later, p. 518.) 

The ninth pair in order, the glossopharyngeal, are 
mixed nerves ; each being, partly, a nerve of taste, and 
supplying the hind -part of the mucoo membrane of the 
tongue, and, partly, a motor nerve for the pharyngeal 
muscles. 

The tenith pair are the two pneumogastric nerves, 
often called the vagus. These very important nerves, 
and the next pair, are the only cranial nerves which are 
distributed to regions of the body remote from the head. 
The pneumogastric supplies the larynx, the lungs, the 
liver, and the stomach, and branches of it are connected 
with the heart. 

The eleventh pair again, called spinal accessory, 
differ widely from all the rest, in arising from the sides 
of the spinal cord, between the anterior and posterior 
roots of the dorsal nerves. They run up, gathering fibres 
as they go, to the medulla oblongata, and then leave the 
skull by the same aperture as the pneumogastric and 
glossopharyngeal. They are purely motor nerves, supply- 
ing certain muscles of the neck, while the pneumogastric 
is mainly sensory, or at least afferent. As, on each 
side, the glossopharyngeal, pneumogastric, and spinal 
accessory nerves leave the skull together, they are 
frequently reckoned as one pairj which is then counted as 
the eighth. 

The last two nerves, by this method of counting, become 
the ninth pair, but they are really the twelfth. They are 
the motor nerves which supply the muscles of the tongue. 

Of these nerves, the two foremost pair do not properly 
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deserve that name, but are, as we have said, really 
processes of the brain. 'The olfactory pair are prolonga- 
tions of the cerebral hemispheres ; the optic pair, of the 
walls of the third ventricle. 

The optic nerve from each eye meets its fellow nerve from 
iShe other eye at the base of the brain below the third 
ventricle. Here they cross each other in what is called 



Fio. 166.— A Diagram illustrating the Superficial Origin of the 
Cranial Nerves. 

//, the cerebral hemispheres ; C.S. corpus striatum ; Th. optic thalamus ; 
P. pineal body ; Pt. pituitary body ; C. Q. corpora quadrigeraina ; Cb. cere- 
bellum ; if. medulla oblongata ; 1. — XII. the pairs of cerebral nerves ; 
Sp. 1, Sp. 2, th«, first and second pairs of spinal nerves. 


the optic chiasma (covered by tlie pituitary body P 
in Fig. 160) and are continued on backwards, to make 
connection with the brain, as the optic tracts. 

These are connected, as already stated, with the hinder 
part of the optic thalami and with the anterior pair of 
corpora quadrigemina. At the chiasma the fibres of the 
optic nerves undergo a remarkable partial decussation. The 
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fibres from each half of the retina nearest to the nose cross 
over to the opposite side of the huain ; the fibres from the 
other half of each retina pass into the brain without 
crossing. IJence the right optic tract contains the fibres 
from the nasal half of the left retina and from the other 
or temporal half of the right retina, and similarly tht4-, 
left optic tract is made up of the fibres of the temj)oral 
half of the left retina and the nasal half of the right 
retina. This arrangement is essential to the eye as a 
sense organ with reference to wdiat we have previously 
spoken of as “corresponding points an^ single vision with 
two eyes ” (see p. 444). 



Fia, 167.— Diaqkam to illustrate the Decussation of Fibres in the 
Optic Chiasma. 

Ji, right eye; L, left ej^'e; R.Op. right optic tract; L.Op. left optic 
tract. The decussation is shown by the distribution of the right (shaded) 
and the left (unshaded) tract to the retinas of the two eyes. 


13. The Functions of the Spinal Bulb or Medulla 
Oblongata. — The bulb plays so important a part in the 
economy of the body that we may almost enuii^erate its 
functions by recalling all the instances in which we have 
made mention of its activities in the earlier lessons of this 
book. Thus we have seen that it contains a centre which 
gives rise to the contractions of the respiratory muscles 
and keeps the respiratory pump at work, so that injuries 
to the bulb may arrest the respiratory process (p. 158).* 
Further it contains centres for the regulation of the 
hjart-beat (p. 77) and of the condition of the blood-vessels 
over the whole body (p. 69). But beyond these the bulb 
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also contains centres for the nervous act of swallowing, 
for the reflex secretion* of saliva, and for many other 
actions. Thus we find that simple puncture of one side 
of the floor of the fourth ventricle produces for a while 
an increase of the quantity of sugar in the blood, beyond 
that which can be utilised by the organism. The sugar 
passes off by the kidneys, and thus this slight injury to 
the medulla produces a temporary disorder closely re- 
sembling the disease called diahetea. Hence we speak of 
a diabetic centre in the bulb. Beyond this the bulb acts 
as a great conductor of impulses ; fol^ all impulses passing 
up and down between the higher parts of the brain and 
the spinal cev^d must make their way through the bulb 
from or to the spinal nerves. And a similar statement 
holds good for impulses along the cranial nerves, with the 
exception of the olfactory, optic and third and fourth 
nerves. 

The impulses which pass through the bulb cross, for 
the most part, from one side to the other on their way 
along it. In the case of the crossed pyramidal tract the 
crossing of the fibres which conq'^ose the tract takes place 
])y means of what is called the decussation of the 
pyramids in the anterior columns of the bulb (Fig. 172). 
This point is indicated in Fig. 160 by a group of small 
converging marks on the surface of the bulb just above 
the cut end marked M, The fibres of the small direct 
pyramidal tract cross below the bulb in the spinal cord 
by means of its anterior white commissure (see Fig. 143). 
Similarly the fibres concerned in the transmission of 
afferent impulses largely cross in the bulb by paths 
which are varied but of which one is well marked as 
the sensory decussation. This general decussation 
of efferent and afferent fibres leads to the result that 
‘disease or injury of one side of the brain affects the 
opposite side of the body. Thus when, as not un- 
frequently happens, a blood-vessel gives way in the right 
cerebral hemisphere, leading to a destruction of nervous 
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matter there, the result is that the left arm, and left leg, 
and left side of the body generally are paralysed, that is, 
the will has no longer any power to move the muscles of 
that side, and impidses started in the skin of that side 
cannot awaken sensations in the brain. 

But there is also a decussation of impulses in the case of* 
the nerves arising from the medulla above the decussation 
of the pyramids. Thus, in the case quoted above of a blood 
vessel bursting in the right cerebral hemisphere, the left 
side of the man’s face is paralysed as well as the left side 
of his body, that is to say, impulses cannot pass to and 
from his brain and the left facial and fifth nerves. The 
impulses along these nerves also cross over, decussate, 
and reach the right side of the brain. 

It sometimes happens, however, that disease or injury 
may affect the medulla oblongata itself, on one side only. 

the right), above the decussation of the i)yramid8, 
in such a way that the fifth and facial nerves are 
affected in their course before they decussate, that is to 
say, on the same side as the injury. The man then, 
while still paralysed on the left side of his body, is 
paralysed on the right side of his face. 

14. The Functions of the Cerebellum.— When 
speaking of reflex actions we j)ointed out (p. 482) that the 
complicated movements of walking when once started 'by 
the will are essentially reflex in their continued produc- 
tion. Moreover we also drew attention to the fact that 
the co-ordnmtioti of the efferent impulses which, although 
distributed to many different muscles, give rise by their 
united action to the orderly movements of walking, is 
dependent upon afferent impulses from various parts of 
the body. Thus walking becomes unsteady or even 
impossible in the absence of the normal sensory impulses 
from the skin, or of visual impulses from the eyes ; and’ 
to these we might have added afferent impulses from the 
sensory nerves of the muscles themselves. When we 
take cases of movements which are less obviously reflex, 
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that is more strictly voluntary, than are those of walking, 
we find that here again their orderly or co-ojcdinated pro- 
duction depends largely on tactile and visual impulses. 
Now experiment and observation in cases of disease have 
^shown quite conclusively that the one great function of 
the eerehellum is fo play a most hnportant part in the co- 
ordination of the actions^ nervous and muscular, by tvhich 
the movements of the body are carried on. 

After the cerebellum has been completely removed, an 
animal does not differ in any essential respect from its 
normal condition's regards its intelligence or its special 
senses, such as sight or hearing. But with regard to its 
movements h great difference is observed in the absence 
of the cerebellum ; all movements are now clumsily 
executed — there is a want of orderliness or co-ordination. 
’ This statement sums up our knowledge of the function of 
the cerebellum. 

We do not know how the cerebellum works in thus 
keeping an orderly grip over the mechanisms of move- 
ment ; but we see how easily it may do so when we 
consider its connections with the spinal cord and with the 
rest of the brain. We saw (p. 486) that two large tracts 
of afferent fibres from the spinal cord pass into the cere- 
bellum, viz. the cerebellar tract by the inferior peduncle 
and the ascending antero-lateral tract by the superior 
peduncle. Moreover the cerebellum is connected with 
that part of the bulb in which the median-posterior tract 
ends. I'hus it may be a recipient of a vast number of 
afferent sensory impulses, which are so essential for 
co-ordinated movement. But each half of the cerebellum 
is further connected with the cortex of the cerebral 
hemisphere of the opposite side in two ways, firstly, by 
.the fibres of its middle peduncle across the pons Yarolii, 
and secondly, and more directly, by fibres in its superior 
peduncle (see p. 501). And we shall see that it is exactly 
in the cortex of the cerebral hemispheres that impulses 
chiefly arise for the initiation of muscular movements. 
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When describing the arrangements of the internal ear, 
it was stated that the semicircular canals have functions 
other than that of hearing. Now the auditory nerve consists 
of two quite distinct parts, the cocMear nerve, which is 
distributed to the cochlea, and the vestihidar nerve, which^ 
is distributed to the vestibule, the utricle, saccule, and 
semicircular canals. These two nerves originate in groups 
of cells lying in the spinal bulb, and the group of cells 
which gives rise to the vestibular nerve is directly con- 
nected by a strand of fibres with the cerebellum. Thus 
there is a path by which afferent (sensory) impulses from 
the semicircular canals may directly reach the cerebellum 
and there be turned to account in the co-ordination of 
movements. Bearing this in mind, it is not surprising 
to find that the semicircular canals, whatever be the 
part which they play in hearing, play a very important ' 
part in the guidance oi co-ordinated movement. 

The semicircular canals lie in three planes at right 
angles to each other (p. 366). When any am of the canals 
is experimentally injured, the animal executes a series of 
oscillatory movements of the head, which are, broadly 
speaking, in the plane of that canal. When all three 
canals are injured, the animal is thrown into continuous 
movements of the most varied and often extraordinjiry 
kind, and has lost all power of balancing itself in a 
normal way. Not infrequently in man these canals 
undergo injury as the result of disease, and in this case 
the feelings experienced by the patient are those of ex- 
treme giddiness, and an inability to balance the body, 
while the symptoms exhibited to an onlooker are those of 
a want of co-ordination in the execution of movements. 
Thus there is no doubt that the semicircular canals, apart 
from any truly auditory functions they may possess, are 
of very great importance as organs such that impulses 
arising in them ^en thle ns to maintain our bodily 
equUihrinm^ and there are reasons for thinking that the 
utricle and saccule also have a very similar function. 
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15 . The Functions of the Cerebral Hemispheres.—- 

The Hemispheres the Seat of Intelllgrence and Will. — 

The functions of most of the parts of the brain which lie 
in front of the spinal bulb are, at present, very ill under- 
stood ; but it is certain that extensive'injury, or removal, 
of the cerebral hemisplieres puts an end to intelligence 
and volimtary movement, and leaves the animal in the 
condition of a machine, working by the reflex action of 
the remainder of the cerebro-spinal axis. 

We have seen that in the frog the movements of the 
body which the fl|)inal cord alone, in the absence of the 
whole of the brain, including the bulb, is capable of 
executing, Are of themselves strikingly complex and 
varied. But none of these movements arise from changes 
originating within the organism, they are not what are 
* called voluntary or spontaneous movements ; they never 
occur unless the animal be stimulated from without. 
Removal of the cerebral hemispheres is alone sufficient to 
deprive the frog of all spontaneous or voluntary move- 
ments ; but the presence of the bulb and other parts of 
the brain (such as the corpora quadrigeniina, or what 
corresponds to them in the frog, and the cerebellum) 
renders the animal master of movements of a far higher 
nature than when the spinal cord only is left. In the 
latter case the animal does not breathe when left to itself, 
lies flat on the table with its fore-limbs beneath it in an 
unnatural position ; when irritated kicks out its legs, and 
may be*thrown into actual convulsions, but never jumps 
from^ place to place ; when thrown into a basin of water 
falls to the bottom like a lump of lead, and when placed 
on its back will remain so, without making any effort to 
turn over. In the former case the animal sits on the 
, table, resting on its front limbs, in the position natural to 
a frog ; breathes quite naturally ; when pricked behind 
jumps away, often getting over a considerable distance ; 
when thrown into water begins at once to swim, and con- 
tinues swimming until it finds some object on which it 
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can rest ; and when placed on its^ back immediately turns 
over and resumes its natural position. Not only so, but 
the following very striking experiment may be performed 
with it. Placed on a small board it remains perfectly 
motionless so long as the board is horizonbil ; if, however 
the board be gradually tilted up so as to raise the animaFs 
head, directly the board becomes inclined at such an 
angle as to throw the frog’s centre of gravity too much 
backwards, the creature begins slowly to creep up the 
board, and, if the board continues to be inclined, will at 
last reach the edge, upon which when t!ie board becomes 
vertical he will seat himself with apparent great content. 
Nevertheless, though his movements when they do occur 
are extremely well combined and apparently identical 
with those of a frog possessing the whole of his brain, 
he never moves spontaneously, and never stirs unless ' 
irritated. 

Thus the parts of the brain below the cerebral hemi- 
spheres constitute a complex nervous machinery for 
carrying out intricate and orderly mov^ements, in which 
aflerent impulses play an important part, though they 
do not give rise to clear or permanent affections of 
consciousness. 

There can be no doubt that the cerebral hemispheres 
are the seat of powers, essential to the production of 
those phenomena which we term intelligence and will ; 
and there is experimental and other evidence which seems 
to indicate a connection between particular parts of the 
surface of the cerebral hemispheres, and particular acta. 
Thus irritation of particular spots in the anterior part of 
a dc^s brain will give rise to particular movements of 
this or that limb, or of this or that group of muscles ; and 
the destruction of a certain part of the posterior lobes of 
the cerebral hemispheres is said to cause blindness. But 
the exact way in which these effects are brought about is 
not yet thoroughly understood ; and ^ven if it should be 
ultimately proved beyond all doubt, that tho central end- 
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organ of vision (p. 42^) consists of certain nerve-cells 
lying in a particular part of the posterior surface of the 
cerebral hemisphere, and that the central end-organ of 
hearing (p. 386j consists of other nerve-cells lying else- 
>\^here on the cerebral surface, it will still leave us com- 
pletely in the dark as to ivhat goes on in the cerebral 
hemispheres when we tliink and when we will. 

There is no doubt that a molecular change in some 
part of the cerebral substance is an indispensable ante- 
cedent to every ^enomenon of consciousness. And it 
is possible that the progress of investigation may enable 
us to map out the brain according to the psychical relations 
of its different parts. But supposing we get so far as to 
be able to prove that the irritation of a particular frag- 
ment of cerebral substance gives rise to a particular state 
of consciousness, the reason of the connection between 
the molecular disturbance and the psychical phenomenon 
appears to be out of the reach, not only of our means of 
investigation, but even of our powers of conception. 

Reflex Actions of the Brain. — Even while the 
cerebral hemispheres are entire, and in full possession of 
their powers, the brain gives rise to actions which are as 
completely reflex as those of the spinal cord. 

When the eyelids wink at a flash of light,‘ or a threatened 
blow, a reflex action takes place, in which the afierent 
nerves are the optic, the efferent the facial. When a bad 
smell causes a grimace, there is a reflex action through 
the same motor nerve, while the olfactory nerves constitute 
the afferent channels. In these cases, therefore, reflex 
action must be effected through the brain, all the nerves 
involved being cerebral. 

When the whole body starts at a loud noise, the 
afferent auditory nerve gives rise to an impulse which 
passes to the medulla oblongata, and thence affects the 
great majority of the motor nerves of the body. 

It may be said that these are mere mechanical actions, 
and have nothing to do with the operations which we 
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associate with intelligence. But let us consider what 
takes place in such an act as reading aloud. In this case, 
the whole attention of the mind is, or ought to be, bent 
upon the subject matter of the book ; while a multitude of 
most delicate muscular actions are going on, of which th^ 
reader is not in the slightest degree aware. Thus the 
book is held in the hand, at the right distance from the 
eyes ; the ey^ are moved fro?^ side to side, over the lines 
and up and (fbwn the pages. Further, the most delicately 
adjusted and rapid movements of the muscles of the lips, 
tongue, and throat, of the laryngeli .^and respiratory 
muscles, are involved in the production of speech. Per- 
haps the reader is standing up and accompanying the 
lecture with appropriate gestures. And yet every one of 
these muscular acts may be performed with utter uncon- 
sciousness, on his part, of anything but the sense of the 
words in the book. In other words they are reflex acts. 

Similar remarks apply to the act of “ playing at sight ” a 
difficult piece of music. The reflex actions proper to the 
spinal cord itself are natural, and are involved in the 
structure of the cord and the properties of its constituents. 
By the help of the brain we may ac(iuire an infinity of 
aHificud reflex actions, that is "^o say, an action may 
require all our attention and all our volition for its first, 
or second, or third performance, but by frequent repeti- 
tion it becomes, in a manner, part of our organis^ition, 
and is performed without volition, or even consciousness. 

As every one knows, it takes a soldier a long time to learn 
his drill — for instance, to put himself into the attitude of 
“ attention ” at the instant the word of command is heard. 
But, after a time, the sound of the word gives rise to the 
act, whether the soldier be thinking of it, or not. There 
is a story, which is credible enough, though it may not be 
true, of a practical joker, who, seeing a discharged veteran 
carrying home his dinner, suddenly called out “ Atten- 
tion ! ” whereupon the man instantly brought his hands 
down, and lost his mutton and potatoes in the gutter. 
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The drill had been thorough, and its effects had become 
embodied in the man’s nervous structure. 

The possibility of all education (of which military drill 
is only one particular form) is based upon the existence of 
this power which the nervous system possesses, of organ- 
ising conscious actions into more or less unconscious, or 
reflex, operations. It may be laid down as a rule, which 
is called the Law of Association, that if any two mental 
states be called up together, or in succession, with due 
frequency find vividness, the subsequent production of 
the one of them ^fill suftice to call up the other, and that 
whether we desire it or not. 

The object of intellectual education is to create such 
indissoluble associations of our ideas of things, in the order 
and relation in which they occur in nature ; that of a moral 
ducat ion is to unite as fixedly the ideas of evil deeds with 
tliose of pain and degradation, and of good actions with 
those of pleasure and nobleness. 

Localisation of Function in the Cortex of the 
Cerebral Hemispheres. — We have already alluded (p. 520) 
to the fact that there is a connection between particular 
parts of the surface of the cerebral hemispheres and 
})articuiar acts or special sensations. The possibility thus 
indicated is of extraordinary importance and must now be 
dealt with in some detail. 

The cerebral hemispheres are separated along the 
middle line of the brain by a narrow deep fissure across 
which tl!e corpus callosum passes as a bridge from one 
hemisphere to the other (see Figs. 160 and 161). The 
surface of each hemisphere is folded into a large number 
of convolutions or gyri separated from each other 
by sinuous depressions or sulci (see Fig. 159, 0.0.). 
Some of these depressions are deeper and more marked 
than others, and are spoken of as fissures. Of these 
the most conspicuous are known as the fissure of 
Sylvius, the fissure of Rolando, the parieto- 
occipital fissure, and the calcarine fissure. The 
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position of these is shown in th^ accompanying diagrams. 
These fissures may be taken as roughly dividing the 
surface of the brain more or less distinctly into several 



Fig. 168 .— Diagram of Outer Surface of the Right Cerebral 
Hemisphere. 


Fissure of Rolando 



Fig. 169 .— Diagram of the Inker (Mesial) Surface of the Right 
Hemisphere to show the PARiEfo-OcciPiTAL and Calcarine 
Fissures. 

The corpus callosum is seen shaded in section. 


lobes, frontal, parietal, occipital, and temporal. 
The extent of these is shown on Figs. 168 and 169. 

When the surface of the hemisphere is stimulated 
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electrically close to the fissure of Rolando and on either 
side of this fissure, very definite movements take place in 
the limbs of the opposite side of the body. If care is 
taken to localise the stimulation as far as possible within 
the limits of a small area of the cortex the resulting move- 
iheiits are found to be limited to a correspondingly small 
group of muscles of the limb affected. Again, if that 
piece of cortex whose stimulation gives rise to movements 
be cut out or extirpated, the animal so operated on is 
found to have lost the power of executing this particular 
set of movements. The outcome of such experiments 
makes it clear that the cerebral cortex along the course of 
the fissure of: Rolando is concerned in the development of 
muscular movements ; hence the name of “ motor areas ” 
was given to these parts of the cortex. Our knowdedge 
of the existence and position of these areas as derived 
from experiments on animals is moreover completely con- 
firmed by the t)bservation of the results of Nature’s owm 
experiments on man ; as for instance by an examination 
after death of the brains of patients who during life had, 
as the result of cerebral disease, exhibited symptoms 
similar to those obtainable by stimulation or extirpation 
of cortical areas in animals. 

Proceeding in a similar way it has been further found 
that certain portions of the cortex are peculiarly connected 
with the development of sensations, so that we come to 
speak also of “sensory areas.” In this case observations 
on man ^re specially instructive, since the patient can 
give an account of his sensations, whereas another animal 
cannot. 

One of the earliest known and most interesting cases of 
localisation of function in the cerebral cortex is that of 
the centre for speech. Some long time before experi- 
ment revealed the existence and position of the centres to 
which we have so far referred it was noticed by a French 
physician named Broca that patients who had exliibited a 
curious inability to pronounce definite words or syllables 
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during life were found after death to have suffered from 
disease or injury of the third fronted cofimliit ion of the left 


P/^SU/t£ OF /^OlAMDO 



Fio. 170.— Di \GRAM OF Outer Surface of Right Cerebral Hemisphere 
TO SHOW the Position of Cortical Areas. 

The areas for the leg, arm, and face are marked by vertical lines,* 
horizontal lines, and dots reai)ectively. The area for speech lies really in 
a similar position on the le^t hemisphere. 

Fr.l. frontal lobe; Oc.L. occipital lol>e ; Tt.l, temporal lobe ; 
Sy.F. fissure of Sylvius. 


Fissure of Rolando 



Fio. 171.— Biagram of Inner (Mesial) Surface of the Right Cerebral 
Hemisphere to show the Position of Cortical Areas. 

The corpus callosum is seen shaded in section. 

Fr.L. frontal lobe ; Oc.L. occipital lobe ; Te.L. temporal lobe ; 
PavOc.F. parieto-occlpital fissure. 

side of the brain immediately above the Sylvian fissure ; 
hence, this part of the cortex is known as Broca's con- 
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volution (see Fig. 170). The disorder is, from its nature, 
known as aphasia (a, ^irivative of, (pdcriSy S])eech) and 
may take several forms ranging from complete inability 
to speak at all to an inability to utter certain words, and 
hence to speak coherently. This centre for speech is 
ouriously, and unlike most of the other centres, uni- 
lateral, being situated on the left side of the brain in 
ordinary right-handed persons and in the corresponding 
part of the right side of tlie brain in those who are left- 
handed. 

We need say n^ more in proof of the connection of 
parts of the cerebral cortex with the development of 
motor impulses and the conversion of afferent impulses 
into those altered states of consciousness to which we give 
the name of sensations. The position of the parts and 
the uses they subserve are shown on Figs. 170 and 171. 

The Internal Capsule. — The brain, as we have 
previously said, may be regarded as built up round a very 
peculiarly shaped central canal by means of tliickenings 
of the walls of that canal due to the development of 
masses of nerve tibres and deposits of grey matter. We 
have described the position of the most conspicuous of 
these deposits and have incidentally referred to many of 
the more important inter-connections of the chief parts of 
.AY Well the brain as a ivhole consists. Moreover, we have 
referred in some. detail to the nature of the connection of 
the spinal cord with the brain by means of very definite 
“tracts”, of fibres. Among these, particular stress was 
laid on that tract which is known as the (crossed) 
pyramidal tract, and- it was pointed out (p. 488) that the 
fibres of this tract really start in, and depend for their 
nutrition upon, the cells of the cortex of the cerebral 
hemispheres. But this dependence is not extended to 
the cells of the cortex generally ; on the contrary it is 
limited to the cells of those parts of the cortex to which 
we applied the expression “motor areas,” in the preceding 
section. Hence the pyramidal tract degenerates when 



528 


ELEMENTARY PHYSIOLOGY 


LESS. 


the cells of the “motor ” areas are destroyed, and thus we 
come to regard the pyramidal tetct as the path by which 
the (motor) impulses developed in the cortex are dis- 
tributed to the cells of the sjunal cord as a preliminary to 
their exit from the cord along the anterior roots of the 
spinal nerves. We traced the pyramidal tract into the 



Fio. 172.— Diagram of the Course of the Crossed Pyramidal T%vct 
FROM the (Motor) Cerebral Cortex to the Spinal Cord. , 

C.C. corpus callosum; O.T. optic thalamus; C.S. corpus striatum; 
Jnt.Cap. internal capsule; C'6, cerebellum; i).P. decussation of the 
pyramids; Cr.p., Cr.p. crossed pyramidal tracts (see Fig. 156); Sp.C. 
spinal cord. 


bulb, and now we may, in conclusion, follow its further 
course until its fibres make connection with the cerebral 
cortex. 

When this tract is traced forwards above the bulb it is 
found to pass into the crus cerebri of its own side and to pass 
along the lower or ventral part of the crus, which is known 
as the pes. The optic thalami and corpora striata are, as 
we have seen (p. 502), deposits on the course of the crura 
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as the latter sweep forward into the hemispheres. Now 
when the fibres of the pyramidal tract reach the level of 
the thalamus they rise uj) out of the cru,% and, spreading 
like a fan, pass posteriorly between the optic thalamus 
and the hinder end of the corpus striatum, and anteriorly 
lietween the two parts of which the front end of the corpus 
striatum is composed. The fibres of the pyramidal tract 
as they thus pass between the optic thalamus and corpus 
striatum are known as the internal capsule, and the 
liend the fibres make as they rise out of the crus is known 
as its “knee.” Fiom this point onwards the fibres pass 
directly to their connections with the cells in the grey 
matter of th» cortex along the region of the fissure of 
Rolando. The preceding Figure 172 shows diagrammatic- 
ally the course of the pyramidal tract from the cerebral 
eortex to the spinal cord. 


M M 



LESSON XII 

HISTOLOGY ; OE, THE MINUTE STRUCTUEE OF 
THE TISSUES . 

1. The Body built up of Tissues and the Tissues 
of Cells — In the first chapter attention was directed to 
the obvious fact that the substance of which the body of 
a man or bther of the higher animals is composed, is not 
of uniform texture throughout ; but that, on the contrary, 
it is distinguishable into a variety of components which 
differ very widely from one another, not only in their 
general appearance, their (^our, and their hardness or 
softness, but also in their chemical composition, and in the 
properties which they exhibit in the living state. 

In dissecting a limb there is no difficulty in distinguish- 
ing the bones, the cartilages, the rnusclef, the nerves 
and so forth from one another ; and it is obvious that 
other limbs, the trunk, and the head, are chiefly made up 
of similar structures. Hence, when the foundations of 
anatomical science were laid, more than two thousand 
years ago, these “like ” structures which occur in different 
parts of the organism were termed InomoioWtm'a, “’similar 
parts.” In modern times they have been termed tismesy 
and the branch of biology which is concerned with the 
investigation of the nature of these tissues is called 
Histology. 

Histology is a very large and difficult subject, $nd this 
whole book might well be taken up with a thorot^h dis- 
cussion of even its elements. But physiology is, in 
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ultimate analysis, the investigation of the vital properties 
of the histological units of which the* body is composed. 
And even the elements of physiology cannot be thoroughly 
comprehended without -a clear apprehension of the nature 
and properties of the principal tissues. 

A good deal may bl learned about the tissues without 
other aid than that of the ordinary methods of anatomy, 
and it is extremely desirable that the student should 
acquire this knowledge as a preliminary to further 
incpiiry. But the chief part of modern histology is the 
product of the Sp[)lication of the microscope to the 
elucidation of the minute structure of the tissues ; and 
this has had ffhe remarkable result of proving that these 
tissues themselves are made up of extremely small 
homoiomer'u, or similar parts, which are primitively alike 
•in form in all the tissues. 

Every tissue therefore is a compound structure : a 
multiple of histological units, or an aggregation of his- 
tological elements ; and the properties of the tissue are 
the sum of the properties^' of its components. The dis- 
tinctive character of every fully formed tissue depends on 
the structure, mode of union, and vital properties of its 
histological elements when they are fully formed. 

The Primitive Tissues. — Each tissue can be traced 
back to a young or embryonic condition, in which it has no 
characteristic properties, and in which its histological 
elements are so similar in structure, mode of union, and 
vital properties to those of every other embryonic tissue, 
that o\ir present means of investigation do not enable us 
to discover any difference among them. 

These embryonic, undifferentiated^ histological elements, 
of which every tissue is primitively compbsed, or, as it 
vould be pibre corfect to say, which, in the embryonic 
condition, occupy the place of the tissues, are technically 
named iimC5ledSi©d cells. The colourless blood corpuscle 
(Lesson III., p. 100) is a typical representative of such a cell. 
And it is substantially correct to say (1) that the histolo- 

ivi M 2 
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gical elements of every tissue are modifications or products 
of such cells ; (2) that every tissue was once a mass of such 
cells more or less closely packed together ; and (3) that the 
whole embryonic body was at one time nothing but an 
aggregation of such cells. 

3. The Body starts as a Single Cell, the Ovum, 
which then divides into primitive cells.— The body of a 
man or of any of. the higher animals commences as an ovum 
or egg. This (Fig. 173) is a minute trans}>arent spheroidal 
sac 200, a, of an inch) in diameter in man, which con- 

tains a similaiiy spheroidal mass 
of protoplasm, in which a single 
large nucleus is ind)edded. 

The first step towards the 
production of all the complex 
organisation of a mammal out* 
of this simple body is the di- 
vision of the nucleus into two 
new nuclei which recede from 
one another, while at the same 
time the protoplasmic body be- 
comes separated, by a narrow 
cleft which runs I >e tween the 
two nuclei, into two masses, or 
hlastomeres (Fig. 174, n), one for each nucleus. By the r?"" 
petition of the process the two blastomeres give rise to 
four, the four to eight, the eight to sixteen, and so on, 
until the embryo is an aggregate of numerc/us small 
blastomeres, or nucleated cells. These grow at the 
expense of the nutriment supplied, from without, 
and continue to multiply by division according to 
the tendencies inherent in each until, long before 
any definite tissue has made its appearance, they 
build themselves up into a kind of sketch model of the 
developing animal, in which model many of, if not all 
the future organs, are represented by mere aggregates of 
undifferentiated cells. 



Fio. 173 .— Diagram of the 
Ovum. 

a, granular protoplasm ; 
6, nucleus, called “germinal 
vesicle ” ; c, nucleolus, called 
“germinal spot.” 
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4. The Differentiation of the Primitive Cells.— 

Gradually, these undifferentiated cells become changed 
into grou])s or sots of differentiated cells, the cells in one 
set being like each other, but unlike those of other sets. 
Each sot of differentiated cells constitutes a “tissue,” 
and each tissue is variously distributed among the several 



Fig. 174. — The SnccEsflivE Division of the Mammalian Ovum into 
Blahtomeres. Somewhat diagrammatic. 

a, divisiifn into two, ?>, into four, c, into eight, and d, into several 
blastomeres. The clear ring seen in each case is the zona 'pdluckia, or 
membrane investing the ovum. 

organs, each organ generally consisting of more than one 
tissue. 

, And this differentiation of structure is accompanied by 
a change of properties. The undifferentiated cells are, 
as far as we can see, alike in function and properties as 
they are alike in structure. But coincident with their 
differentiation into tissues, a division of labour takes 
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place, so that in one tissue the c^lls manifest special pro- 
perties and carry on a special work ; in another they have 
other properties, and other work ; and ho on. 

5. The Chief Tissues of the Body. - The principal 
tissues into which the undifferentiated cells of the embrj^o^ 
become differentiated, and which are variously built iq) 
into the organs and parts of the adult body, may be 
arranged as follows. 

(i) The most important tissues are the muscular and 
nervous tissues, for it is by these that the active life of 
the individual is carried on. 

(ii) Next come the epithelial tissues, which, on the 
one hand, afford a covering for the surface of the body as 
well as a lining for the various internal cavities of the 
body : and, on the other hand, carry on a great deal of 
the chemical work of the body, inasmuch as they form* 
the essential part of the various glandular organs of the 
body. 

(iii) The remaining principal tissues of the body, 
namely the so-called connective tissue, cartila- 
ginous tissue, and osseous or bony tissue, form a 

group by themselves, being all three similar in their 
fundamental structure, and all three being, for the most 
part, of use to the body for their passive rather tlrsin 
for their active qualities. They chiefly serve to suppoftT' 
and connect the other tissues. 

These principal or fundamental tissues are often 
arranged together to form more complex parfe of the 
body, which are sometimes spoken of, though in a different 
sense, as tissues. Thus various forms of connective 
tissue are built up with some muscular tissue and nervous 
tissue, to form the blood-vessels of the body (see Lesson 
II.), which are sometimes spoken of as “ vascular-tissue. 

So again, a certain kind of epithelial tissue, known as 
“ epidermis,” together with connective tissue, blood-vessels 
and nerves, forms the skin or tegumentary tissue ; a 
similar combination of epithelium with other tissues 
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con.stitiitos the mucous jueiulmine lining the alimentary 
canal, and also occurs in the so-called “glandular” tissue. 
The structure of these, as also (»f muscle and nerve and 
bone, has been already described, so that we may confine 
our attention here to the other principal tissues ; 
epithelial tissues, the connective tissues and cartilage. 

6. The Epidermis. — A good example of this tissue is 
to be found in the skin, which, as we have seen (Lesson 
V.), consists of the superficial epidermis which is non- 
vascidar and epithelial in nature, and of the dee]) dermis, 
which is vasculaf', and is indeed chiefly composed of 
connective tissue carrying blood-vessels and nerves. And 
in all the mifcous membranes there is a similar superficial 
epithelial layer, which is here simj)ly called epithelium, 
and a deep layer, which similarly consists of connective 
tissue carrying blood-vessels and nerves and may also be 
sj)()ken of as dermis. 

If a ])iece of fresh skin is macerated for some time in 
water, it is easy to strip off the e})idermis from the 
dermis. 

The outer j)art of the ej)idermis which has been de- 
tached by maceration will be found to be tolerably dense 
and coherent, while its deep or inner substance is soft and 
almost gelatinous. Moreover, this softer substance fills up 
all the irregularities of the surface of the dermis to which 
it adheres, and hence, where the dermis is raised up into 
]>apilhB, the deep or under surface of the epidermis 
presents*innumerable depressions into which the papillm 
fit, giying it an irregular appearance, somewhat like a net- 
work. Hence it used not unHequently to be called the 
network of Malpighi {rete Malpighii), after a great 
Italian anatomist of the seventeenth century, who first 
properly described it. Qp- the other hand, its soft and 
gelatinous character led to its being called mucous layer 
{dratum mucosw). Chemical analysis shows that the 
firm outer layer of the epidermis differs from the deep 
soft part by containing a great deal of horny matter. 
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Hence this is distinguished as the horny layer (dratum 
cornenm). 

In the living subject the superficial layers of the 
epidermis become separated from the lower layers and 
the dermis, when friction or other irribition produces a 
“blister.” Fluid is poured out from the vessels of the 
derma, and, accumulating between the upper and lower 
layers of the epidermis, detaches the latter. 

The epidermis is constantly growing upon the deep 
or dermic side in such a manner that the horny layer 
is continually being shed and replaced. The “scurf” 
which collects between the hairs and on the whole surface 
of the body, and is removed by our daily brushing and 
washing, is nothing but shed epidermis. When a limb 
has been bandaged up and left undisturbed for weeks, as 
in case of a fracture, the shed epidermis collects on the “ 
surface of the skin in the shape of scales and flakes, which 
break up into a fine white powder when rubbed. Thus 
we “shed our skins” just as snakes do, only that 
the snake sheds all his dead epidermis as a coherent 
sheet at once, while we shed ours bit by bit, and hour 
by hour. 

What is the nature of the process by which the 
epidermis is continually removed ? ^ 

If a little of the epidermic scurf is mixed with water 
and examined under a power magnifying 3(X) or 400 
diameters, it will seem to consist of nothing but irre- 
gular particles of very various sizes and with no* definite 
structure. But if a little caustic potash or soda is 
previously added to the water the appearance will be 
changed. The caustic alkali causes the horny substance 
to swell up and become transparent ; and this is now 
seen to consist of minute separable plates, some of which, 
contain a rounded body in the interior of the plate, 
though in many this is no longer recognisable. In fact, 
so far as their form is concerned, these bodies have the 
character of nucleated cells, in which the protoplasmic 
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body ban been move or less extensively converted into 
horny substance. * 

Thus the cast-cjff epidermis in reality consists of more 
or less coherent masses of cornified nucleated cells. 

There is a yet simpler method of demonstrating this 
’truth. At the margins of the lips the epidermis is 
continued into the interior of the mouth, and though it 
now receives the name of epithelium it differs from the 
rest of the skin in no essential respect except that it is 
very thin, and allows the blood in the vessels of the 
subjacent derinii-^to shine through. Let the lower lip be 
turned down, its surface very gently scraped with a blimt- 



Fin. 175.— Two Epithelial Scales from the Interior of the Mouth. 

A small nucleus n is seen in eac'h, as well as fine granulations in the 
hody of the plate. The edges of the plates are irregular from pressure. 
Magnified about 400 times. 

edged knife, and the substance removed be spread out, 
and covered with a thin glass, and examined as before. 
The jvhole field of view will then be seen to be spread 
over with flat irregular bodies very like the epidermic 
scales, but more transparent, and each provided with a 
nucleus in its centre (Fig. 175). 

Since these detached scales are always to be found 
on the inner surface of the lip, it follows that they are 
always being thrown off. 

7. The Growth of the Epidermis.— The horny 
external layer of the epidermis is composed of coherent 
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cornified flattened cells, which are constantly becoming 
detached from the soft internal layer, and must needs be, 
in some way, derived from it. But in what way ? Hero 
microscopic investigation furnishes the answer. For if 
the soft layer is properl}’^ macerated it breaks uj) into^ 
small masses of nucleated protoplasmic substance, that is, 
into nucleated cells which in the innermost or deepest 
part of the layer are columnar in form, being elongated 
perpendicularly to the face of the dermis, on which they 
rest, and which in the intermediate region present 
transitions in form and other respects bAvveen these and 
the shed scales. 

A thin vertical section of epidermis (see Fig. 57, p. 1»U) 
in undisturbed relation with the subjacent dermis, leaves 
not the smallest doubt (o) that the epidermis consists of 
nothing but nucleated cells, with perhai)s an infinitesimal 
amount of cementing substance between them ; (5) that 
from the deep to the superficial part of the dermis, the 
cells always present a succession from columnar or sub- 
cylindrical protoplasmic forms to fattened completely 
cornified forms. And since we know that the latter are 
constantly being thrown off, it follows (c) that these 
gradations of form represent cells of the deep layer 
which are continually passing to the surface, and being^ 
thrown off there. 

What is the cause of this constant succession ? To 
this question, also, microscopic investigation furnishes a 
clear answer. The deeper cells are constantly growing 
and then multiplying by a process of division in such a 
manner that the nucleus of a cell divides into two new 
nuclei, around each of w^hich one half of the protoplasmic 
body disposes itself. Thus one cell becomes two, and 
each of these grows until it acfiuires its full size at the 
expense of the nutritive matters which exude from the 
vessels with which the dermis is abundantly supplied ; 
such a cell in fact possesses the vital pi’operties of a 
primitive embryo cell. 
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The cells nearer the dermis are more immediately and 
abundantly supplied wfth nourishment from the dermal 
blood-vessels, and serve as the focus of growth and 
multi] dioation for the whole epidermis ; they are in fact 
the progenitors of the superficial cells which, as they are 
thrust away by the intercalation of new cells between 
the last formed and the progenitors, become meta- 
mor])hosed in form and chemical character, and at last die 
and are cast otT. 

And it follows tluit the epidermis is to be regarded as a 
couijjound organfsm made up of myriads of cells, each 
of which follows its own laws of growth and multiplica- 
tion, and isflependent u})on nothing save the due supply 
of nutriment from the dermal vessels. The epidermis, 
so far, stands in the s^ime relation to the dermis as does 
the turf of a meadow to th© subjacent soil. 

8. The Unit used in Histological Measurement.— 
Structures which are rendered clearly distinguishable 
only by a magnifying ])ower of 300 or 400 diameters must 
needs be very small, and it is desirable that, before 
going any farther, the learner should try to form a definite 
notion of their actual and relative dimensions by com- 
parison with im^re familiar objects. A hair of the human 
head of ordinary fineness has a diameter of about 
(say 0'(X)3) of an inch, or O'OS miu. (millimeter). The hairs 
which constitute the fur of a rabbit, on the other hand, 
are very much finer, and the thickest part of the shaft 
usually*does not exceed inch, t.e. 0*001 inch, 

or alput 0*025 mm. ; while the fine point of such a hair 
may be as little as inch, about 0*001 mm., 

or even less in diameter. 

In microscopic histological investigations the range of 
the magnitudes with which we have to deal ordinarily lies 
between 0*1 and 0*001 millimeter ; that is to say roughly 
between one two hundred and fiftieth and one twenty-five 
thousandth of an inch. It is therefore extremely con- 
venient to adopt, as a unit of measurement, 0*001 
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thin but tough layer of vascular connective tissue invests, 
and closely adheres to, the surfac?; of the cartilage. It if 
termed the perichondrium. The substance of the 
cartilage itself is devoid of vessels ; it is hard, but not 
very brittle, for it will bend under {)ressure ; and more- 
over it is elastic, returning to its original shape when* 
the pressure is removed. It may be easily cut into very 
thin slices, which are as transparant as glass, and to the 
naked eye appear homogeneous. Dilute acids and akalies 
have no effect upon it in the cold ; but if it is boiled in 
water, it yields a substance similar to gelatin, but some- 
what different from it, which is called chondrin. 

The sterno-costal cartilages of an adult iiifcn are many 
times larger than those of an infant. It follows that 
these cartilages must grow. The only source from whence 
they can derive the necessary nutritive material is the 
plasma exuded from the blood contained in the vessels of 
the perichondrium. The vascular perichondrium therefore 
stands in the same relation to the non-vascular cartila- 
ginous tissue as the vascular dermis does to the non- 
vascular epidermis. But, since the cartilage is invested 
on all sides by the perichondrium, it is clear that no part 
of the cartilage can be shed in the fashion that the 
superficial layers of epidermis are got rid of. As the 
nutritive materials, at the expense of which the cartilage 
grows, are supplied from the perichondrium, it might 
be concluded that the cartilage grows only at its surface. 
But if a piece of cartilage is placed in a staining •Huid, it 
will be found that it soon becomes more or less coloured 
throughout. In spite of its density, therefore, cartihige 
is very permeable, and hence the nutritive plasma also 
may permeate it, and enable every part to grow. 

If a thin section of perfectly fresh and living cartilage 
is placed on a glass slide, either without addition or with 
only a little serum, it appears to the naked eye, as has 
been said, to be as homogeneous as a piece of glass. But 
the employment of an ordinary hand magnifier is sufiicient 
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bo show that it is not really homogeneous, inasmuch as 
minute points of less transparency are seen to be 
scattered singly or in groups throughout the thickness of 
the section. When the section is examined with the 
microscope (Fig. 17h) these points prove to be nucleated 
cells, the cartilage corpuscles, varying in shape, but 
generally more or less spheroidal, sometimes far apart, 
sometimes very near, or in groups in contact with one 
another, in which last case the ajiplied sides are flat. 
Usually eadh cell has a single nucleus, but sometimes 
there are two nu( lei in /i cell. And sometimes globules 



Fio. 17 G. — Hyaline Cartilage. A tuin yECTioN uighly Magnifilu. 

m, matrix ; a, group of two cartilage cells ; b, a gi’oup of four cells ; 
c, a cell ; n, nucleus. 

of fat appear in the protoplasmic bodies of the cells, and 
may completely fill them. 

As a rule each cell lies in, and exactly fills, a cavity in 
the transparent matrix, or intercellular substance, 
which constitutes the chief mass of the tissue. But a 
.pair of closely opposed flattened cells may occupy only one 
cavity, and all sorts of gradations may be found between 
hemi-spheriodal cells in contact, and hemi-spheriodal cells 
separated by a mere film of intercellular substance, and 
widely separate spheroidal, ellipsoidal, or otherwise shaped 
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cells. In size, the cells vary very much, some being as 
small as 10/i, and others as large 50/x, or even larger. 

As the cartilage dies, and especially if water is added 
to it, the protoplasmic bodies of the cells shrink and 
become irregularly drawn away from the walls of the 
cavities which contain them, and the appearance of the' 
tissue is greatly altered. 



Fia. 177.— A Small Portion of a Section of Articclar Cartilage 
(Frog) very highly magnified (000 diam.). 

matrix or intercellular substance ; p, the protoplasmic body of the 
cartilage corpuscle ; n, its nucleus, with »i', nucleoli ; c, the capsule, or 
wall of the cavity in which the cartilage corpuscle lies. Th6’ four cells 
here figured seem to have arisen from a single cell, by division, first into 
two and then into four. The shading of the matrix in an oblique lino 
indicates the earlier division into two. 


No structure is discernible in the matrix or intercellular 
substance under ordinary circumstances ; but it may be 
split up into thin sheets or laminae. The portions of 
matrix immediately surrounding the several cavities some- 
times differ in appearance and nature from the rest of 
the matrix, so as to constitute distinct capsules (Fig. 
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177, c) for the cellH ; and, at times, the matrix may by 
appropriate methods be ttjdit up into pieces, each belonging 
to and surrounding a cell, or group of cells, and often 
disposed in concentric layers. 

C'lose U) the perichondrial surface of the cartilage the 
Cells become smaller and sc|)arated by less intercellular 
substance, until at length the transparent chondrigenous 
material is replaced by the fibrous collagenous substance 
of connective tissue (p. 548), and the cartilage cells take 
on the form%f “connective tissue corpuscles.” 

In a very youfig embryo we find in the place of a 
sterno-costal cartilage nothing but a mass of closely- 
applied, undi^erentiated, nucleated cells, having the same 
essential characters as colourless blood-corpuscles, or as 
the deepest epidermic cells. The rudiment, or embryonic 
model of the future cartilage thus constituted, increases 
in size by the growth and division of the cells. But, 
after a time, the characteristic intercellular substance 
ap[)ears, at first in small quantity, between the central 
cells of the mass, and a delicate sterno-costal cartilage is 
thus formed. Tiiis is converted into the full-grown 
cartilage (a) by the continual division and subse(juent 
growth to full size, of all its celLvand especially of those 
which lie at the surface ; (5) by We constant increase in 
the quantity of intercellular substance, especially in the 
case of the deeper part of the cartilage. 

The manner in which this intercellular substance is 
increased is not certainly made out. If the outermost 
layer only of each of the protoplasmic bodies of adjacent 
cells of the epidermis were to become cornified and fused 
together into one mass, w^hile the remainder of each 
cell continued to grow and divide and its progeny threw 
off fresh outer cornified layers, we should have an epi- 
dermic structure which would resemble cartilage except 
that the “intercellular substance” would be corneous 
and not chondrigenou* And it is possible that the 
intercellular substance of cartilage may be formed in this 

N N 
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way. But it is possible that the chondrigenous material 
may be, as it were, secreted by sfid thrown out between 
the cells, as the constituents of the bile are thrown out 
between the hepatic cells, or at all events manufactured 
in some way by the agency of the cells, without the 
substance of the cells being actually transformed int<3 it. 
Thus the capsule of each cell may be such a secretion, 
wMch then fuses into the adjacent matrix. Our know- 
ledge will not at present permit us to form a definite 
judgment on this point. One thing, however, seems 
certain, viz. that the cells are in some way concerned in 
the matter ; the matrix is unable to increase itself in the 
entire absence of cells. 



The embryonic cells, which give rise to cartilage, are 
not distinguishable by any means we at present possess 
in any respect of importance from those which j^ive rise 
to epidermis. 

Nevertheless, the common form must disguise a different 
molecular machinery, inasmuch as the two, when set 
going by the conditions of temperature, supply of oxygen 
and nutriment to which they are exposed in the living 
economy, work out, as their ultimate products, tissues* 
which differ so widely as cartilage and epidermis. 

The embryonic cartilage <^Up, Jike the embryonic epi- 
dermic cells, are living organisms in which certain 
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definitely limited poBsibilities of growth and metamor- 
pliosiB are inherent, as they are in those equally simple 
organisms, the spores of the common moulds, PenicAllium 
and Miicor. Given the proper external conditions, the 
latter grow into moulds of two different kinds, while the 
fi>rmer grow into cartilage and horny plates. 

(ii) White Fibro- Cartilage. — Since cartilage is a tissue 
which serves chiefly for the purposes of supporting 
and connecting other structures of the body, it reijuires, 
in certain positions, to be somewhat more to\igh and re- 
sistent, less brit^e and more flexible than in others. 
Thus in some joints, as for instance the knee, there are 
little pads or discs of cartilage between the ordinary 



Fig. 179.— Skction or Yellow Blastic Cartilage. (Hardy.) 

articular cartilage (see Fig. 97, c). Similar discs lie in 
between and are attached to the bodies of the vertebYse. 
They act; not only as a sort of cushion to break the “jar ” 
arising from a sudden con^JKirion of the vertebral column, 
but also bind the vertebrae into a column which is re- 
sistant but at the same time flexible. The additional 
strength required by the cartilages of these discs is pro- 
vided by the introductioB into their matrix of bundles of 
* white fibroqs connective tissue ; hence the name, white 
fibro-cartilages (Fig. 178). 

(iii) Yellow or Elastic Plbro-Cartilage. — In certain 
other parts of the body cartilage as required to be pecu’ 

N K 2 
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liarly elastic and flexible, as in the epiglottis and cartilage 
of the external ear. In this case the requisite elasticity 
is given to it by the introduction into the matrix of a 
dense feltwork of fibres of yellow or elastic connective 
tissue (Fig. 179). 

11. The Connective Tissues. 

(i) Areolar Tissue. — If a specimen of the loose sub- 
cutaneous tissue which binds the skin to the body or of 
the similar tissue from between the muscles of a limb, 
be examined, it is found to be a soft stringy substance, 
which, if a small portion is carefully spread out in fluid on 
a glass slide and examined without the aid of any micro- 
scope, is seen to consist of semi-transparent whitish bands 
and fibres, of very various thicknesses, interlaced so as to 
form a network, the meshes of which are extremely 
irregular. Henife the older anatomists termed this tissue 
areolar or cellular. 

Boiled in water, the connective tissue swells up and 
yields gelatin, which sets into a jelly as the 'water cools. 
After prolonged boiling, especially under pressure, it 
almost entirely dissolves away into gelatin, only a small 
filamentous solid residue remaining behind. 

Dilute acids and dilute alkalies also cause connective 
tissue to swell up and acquire a glassy transparency, but 
they do not dissolve it. For if to a por(|ion of the tissue 
thus altered by either acid or alkali, alkali or acid is added 
suflfeient to neutralise the first, the tissue returns to its 
normal condition. " 1 ^,^ « 

If a specimen thus reimfcd transparent by dilute 
acetic acid is examined with a magnifying glass, fine 
dark lines and dots are seen to be * scattered through 
the apparently homogeneous substance. Placed under 
the microscope, the lines are seen to be sharply defined 
fibres of a strongly refracting substance. Tll0y are very 
elastic and are unaffected by even strong acids or alkalies 
or by prolonged boiling. Hence these elastic fibres 
formed a considerable part of the residue above mentioned. 
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The dots seen with the magnifying glass are shown by 
the microscope to be small nucleated cells. They are 
termed connective tissue corpuscles, just as car 
tilage cells are billed cartihtge corpuscles. 

Thus, connective tissue resembles cartilage in so far as 
it consists of cells separated by a large quantity of inter- 
cellular substance ; but this intercellular substance is 
soft, areolated fibrous, and, for the most part, either 



Fio. 180 .— Connective Tissue Fibres. 

a, small hvmdles of white fibrous tissue ; h. larger bundles ; 
r, single elastic fibres. 


collagenous or elastic, in contradistinction from that of 
cartilage, which is hard, solid, laminated and chondri- 
genous. 

A specimen of fresh connective tissue prepared for the 
•microscope in its own fluid exhibits a very different 
appearance. ' The field of view is occupied by strings or 
threads of extremely various thicknesses which cross one 
another in all directions and are often wavy. Some of 
the threads can be recognised as elastic by their strongly 
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refracting character, but the nijviority of them are ])ale 
and not darkly contoured. All the thicker threads and 
strings present a fine longitudinal striation as if they were 
bundles of extremely fine fibrillm (Fig. 181, a). At intervals 
such bundles are often encircled by rings of a more re; 
fractive subsLince, and fibres of the like character may be 
disposed spirally round the bundles. 

When dilute acetic acid is added to the specimen, the 
pale threads and longitudinally striated strings swell up 
and the longitudinal striation disappears ; hence it is that 
the specimen becomes so transparent (Fig. 181, b). More- 



A. A small bundle of connective tissue, showing longitudinal fibril- 
lation, and at a and 6 encircling (annular, spiral) fibres. Magnified 400 
diameters. 

B. A similar bundle swollen and rendered transparent by dilute acid. 
The encircling fibres are seen at a, a, a. 

over it is these striated tl^ads and strings which are 
dissolved by boiling water, and yield gelatin. We may 
therefore speak of them as collagenous or gelatin- 
yielding fibres, by way of distinction from the fibres of 
elastic substance, which do not yield gelatin on boiling, 
and are of a different chemical nature. 

By various modes of rnaO^ation the coUag&ous fibres 
may be resolved into filaments which answer to the space 
between the strim, and are of such extreme fineness 
that they may measure less than Ip in diameter. It 
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would appear therefore that the intercellular substance 
of the connective tissue in <|ue8tion is composed of (a) 
collagenous filaments, united by some cementing 
substance into bundles, and of (b) elastic fibres. These 
latter are generally united into long meshed networks 
(Fig. 182). 

With care, the cells or connective tissue corpus- 
cles may also be seen even in fresh, living connective 
tissue (Fig. 183) ; but, as has been stated, they are most 
distinctly visible when the tissue is treated with dilute 
acetic acid. ThSse cells, when seen in the fresh tissue. 



Fia. 182 .— Elastic Fibres of Connective Tissue, roRMiNo a loose 
Network. 

Obtained by special preparation from subcutaneous tissue. Magnified 800 
diameters. 


care b^ing taken to prevent the post-mortem changes 
which they readily undergo, are found to be flattened 
plates almost like epithelial scales, but with very irregular 
contours. They closely adhere to, and are, as it were, 
bent round the convex faces of the larger bundles of colla- 
genous fibres. 

Besides tliese fixed connective tissue corpuscles as they 
are called, white blood corpM^icles, or lymph corpuscles, or 
bodies exceedingly like them, are found lying loose in the 
fluid which occupies the meshes of the network of fibres, 
and appear to wander or travel through the spaces of the 
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network by virtue of tlieir power of amoeboid movement 
(Lesson III.). Such cells are spt)ken of as wandering or 
migratory cells. 

Such are the characters <)f that which may be regarded 
as a typical specimen of connective tissue. But in 
different parts of the body this tissue presents great* 
differences, all of which, however, are de]>endent upon the 
different relative extent to which the various elements of 
the tissue are developed. 

Thus, (a) The intercellular vsub.stance may be very much 
reduced in amount in proportion to tin!’ cells, as is the 



Fj(j, 183.— Two Connective Tissx'e Cokpuscleh. 

Each is seen to consist of a protoplasmic branched body, containing a 
nucleus. Very highly magnified. 


case in the superficial layer of the dermis and some other 
places. 

{b) The intercellular substance may be abundant, and 
the collagenous ejements, with fibrils strongly marked and 
arranged in close-set parallel bundles, leaving mere clefts 
in the place of the wide meshes of ordinary conneqtive 
tissue. This structure is seen in tendons and most 
ligaments. 

(c) The elastic element may predominate as in certain 
(few) ligaments and the vocal cords. 

(d) The fibrous or elastic ^ments may abcHia^ but a 
greater or less amount of ^ondrigenous substance is 
developed around the corpuscles. These are respectively 
thefllbro-oartilages and elastic cartilages, which we 



XII 


VARIETIES OF CONNECTIVE TISSUE 


553 


have already described and which present every transition 
between ordinary cartilage and ordinary connective tissue 
(epiglottis, intervertebral ligaments). Where a tendon is 
inserted into a cartilage, as in the case of the teiulo Achillis, 
(Fig. the passage of the cartilage into the tendon is 
beautifully displayed. The intercellular substance of the 
cartilage gradually takes on the characters of that of the 
tendon, and the corpuscles of the cartilage become 
connective-tissue corpuscles. 

(e) The intercellular substance may largely disappear 
and the interlacing bundles of collagenous fibres may 
actually join together at the points when they cross one 
another. I m this way a spongy network of branching 
fil)res may be formed whose meshes are filled with fluid, 
iis in the lym]>hatic glands. 

(/) Finally, in many parts of the body fatty matter is 
found within the protoplasmic substance of the connective 
tissue coipuscles just as we have seen it to be formed in 
cartilage cor})Uscles. 

In this way we arrive at modifications of the funda- 
mental type of connective (areolar) tissue which are so 
characteristic as to merit separate description. 

(ii.) White Fibrous Tissue.— This form is met with in 
the dense and strong connective tissue of w'hich tendons 
and most ligaments are composed. In these structures 
the collagenous fibres of areolar tissue are arranged in 
dense^ parallel bmulles, among which are a certain number 
of pecuWarly flattened connective tissue corpuscles, 
arranged in rows and now called tendon cells. The 
structure of a tendon thus pro'vddes the qualities so 
essential to it of great strength, complete flexibility, but 
absolute want of all elas^ity or extensibility. 

(iii.) Yellow Elastlo Tissue. — This form occurs 
typically in the strong nuchae) at the 

back of the neck (see Fig, 102, which, while giving support 
to the head, permits it at the same time to be bent 
forward, since the ligament is extensible. This ligament 
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is very highly developed in long- necked animals such as 
the horse. The vocal cords of the larynx are also com- 
posed of this tissue. 

It consists of the elastic fibres of areolar tissue, now 
arranged in dense, more or less parallel ^ bundles. The 
fibres are sufficiently thick to show a well-marked outline. 
They also frequently branch into finer fibres, and when 

teased out the broken ends 
of the fibres are character- 
istically curled (Fig. 184). 

(iv.) Afienoid; Retiform 
or Ljonphoid Tissue. — As 
already described (p. 90) the 
functionally essential parts 
of a lymphatic gland are 
composed of this tissue, and 
it permeates the ‘‘pulp” of 
the spleen, although here it 
is in a somewhat modified 
form. 

Adenoid tissue is a simple 
network of hranching fibres 
(see Fig. 30) whose substance 
18 nearly identical with that 
of the collagenous fibres of 
areolar tissue, but has some 
affinities to that of elastic 
tissue. 

(▼.) Adipose Tissue. — This tissue is the ordinary 
“ fat ” found in many parts of the body. It consists 
simply of areolar connective tissue in which the connective 
tissue corpuscles are present in||ast numbers and contain 
neutral fat, composed of a mixture of stearin, olein and 
palmitin. These modifiedtcells are held together by a 
vascular framework furnished by the connective tissue to 
which they belong. 

The cells are at first indistinguishable from ordinary 



Flo. 1S4,— Elastic Fibres teajsed 

OUT AND MAONIFIKD ABOUT 200 

Diameters. (Shaepey.) 
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connective tissue corpuscles, but by degrees minute 
granules and droplets of fab appear in the cell -substance, 
increase in numbers, distend the body of the cell, and 



Fig. 185.--Adipose Tisstte. 

Five fat cells, held together by bundles of connective tissue /. m, the 
membrane or envelope of the fai cell ; n, the nucleus, and p, the remains 
of the protoplasm pushed aside by the large oil drop a. Magnified 200 
•diameters. 

take the place of the cell~8ubstance. Thus finally each 
cell becomes a spheroidal sac full of fat, with tbe 
nucleus pushed to one side (Fig. 185). 
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12. The Development of Connective Tissue. -In a 

young embryo, the places in wliich connective tissue 
will make its a[)pearance are occupied by masses of simple 
unditferentiated nucleated cells. By degrees, the cells 
become separated from each other by a transparent inter- 
cellular substance or matrix, which eventually takes en 
the form of collagenous tibrils and elastic libres, the 
relative proportion and the disposition of the two varying 
according to the kind of connective tissue which is being 
formed. As in the corresponding case of cartilage, the 
exact part played by the cells in the formation of this 
matrix is still a matter of dispute. As the developnmnt 
of the tissue proceeds, the cells multiply by division and 
assume their characteristic flattened and inegular forms, 
applying themselves to or rather b^poming com})reHsed 
between the bundles of collagenous fibrils. 

13. The Development of Bone. —The structure of 
bone has been previously and fully described (p. 310) ; 
we may now deal here with its development. Careful 
inspection of a transverse section of the wall of the shaft 
of a long bone is by itself sufiicient to show that bone is 
constantly being formed and as constantly removed. 
Such a section exhibits, as has been said, a number of 
Haversian canals surrounded by ci|:pular zones formed of 
concentric layers of bone. But interspersed between 
these there lie larger and smaller segments of zones 
formed of similar concentrically curved parallel lamellm, 
the , so-called intersystemic lamelliB (Fig. 94, d), which 
have evidently at one time formed parts of complete 
Haversian systems, but which have been partially destroyed 
and replaced by new syvstems. In fact the formation of 
new bone is constantly taking place : (i) at the surface 
in contact with the periosteum ; (ii) at the surface in 
contact with cartilage ; (iii) at the surface in contact with 
the medulla and its prolongations in the cancell i and 
Haversian canals ; and the bone thus formed is after a 
time destroyed and replaced by new growths. 
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To undorstend this we must study the origin of osseous 
tissue. At a certain period of embryonic life there is no 
bone in any part of the body. Ne\ eitfieless, the greater 
number of the “bones,” for exam})ie the vertebrm, the 
ribs, the limb bones, and some of the cranial and facial 
bones, exist in a morphological sense, inasmuch that 
cartilages liaving the general form of such bones exist in 
the places of the future bones. In the place of the 
humerus and the femur, for example, there are rods of 
j)ure cartilage, which are, so to speak, small rough models 
of the humerus »ind femur of the adult. When the 
process of bone formation commences slight opaque spots, 
termed “centres of ossification,” make their ap- 
pearance in the substance ()f the cartilage, the o[mcity 
being due to the deposit of calcareous .salts at these points. 

Microscopic examination shows that the calcareous 
salts are deposited in the intercellular substance, which, 
therefore, is converted into a sort of bone in which the 
laciinm are represented by the cavities of the cartilage 
corpuscles. These calcaieous siilts must reach the 
centres of ossification dissolved in the plasma which is 
exuded from the perichondrial vessels and permeates the 
intercellular substance. 

In tlie cartilaginos^ rudiment of a long bone three 
such centres of ossification usually make their appear- 
ance, one in the centre of the shaft and one in each end. 
Supposing these centres to be formed at the same time 
(which may not how^ever be the case), wdiat we have to 
start from is a rudiment or model in cartilage of the 
future bone converted at three points into calcified car- 
tilage ; that is to say there is a central nodule {diapliysis) 
and two terminal nodules (epiphytes). If the deposit 
were to spread from three centres until the three nodules 
united the result would be a calcified cartilage in place 
of the formative cartilage. 

As a matter of fact the deposit does spread through 
the rudiment from each centre outwards so long as the 
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bone is growing. But the cartilage between the diaphysis 
and epiphyses and that beyond the ends of the epiphyses 
also grows and increases with the general growth of the 
bone. That beyond the epiphysial ossification remains 
throughout life as articular cartilage, while that between 
the epiphysial and diaphysial ossifications is gradually 
encroached upon by these and finally obliterated. 

If this were aU, 4he adult bone would consist of calcified 
cartilage tipped at the ends with cartilage which remained 
uncalcified. But this is not all ; such a mass of calcified 
cartilage is not a true bone. The' adult femur e.g. con- 
sists, not of calcified cartilage, but of true osseous tissue 
with the characters described above, there being no simple 
calcified cartilage anywhere except at the junction of the 
articular cartilages with the subjacent bone. And the 
true osseous tissue of the femur has a ditFereiit oiigin 
from that just described, inasmuch as it has been }>ro- 
duced by the calcification in a speciiil way of a peculiar 
non-cartilaginous tissue developed from the vascular 
sheath of connective tissue surrounding the original 
cartilage, which is at first called perichondrium, but 
which, as ossification goes on, receives the name of peri- 
osteum. This perichondrial or periosteal tissue in a 
somewhat complex manner destn^s or absorbs the 
calcified cartilage and replaces it b;^true bone. 

In fact, very soon after the ossific centres have made 
their appearance, vascular processes of the perichondrium 
grow into them. These processes make room for them- 
selves by, in some way, causing the destruction and 
absorption of the calcified cartilage, giving rise to large 
irregular spaces or areolm, which they occupy. The 
processes consist of blood-vessels surrounded by a 
peculiar form of connective tissue, characterised by the 
presence of large nucleated cells called osteoplasts. • 
The perichondrium or periosteum from which these pro- 
cesses grow out has a similar structure and is also rich 
ip osteoplasts. 
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No sooner have these processes hollowed out the 
areoUe in the calcified cartilage than they begin to line 
them with layers of true bone, 


the matrix of the connective 
tissue of the processes being 
calcified in such a waj as to 
leave Spaces in which feome of 
tlie cells or osteoplasts remain 
imbedded, fine branching canals 
being left in the matrix, or being 
sulisequently fori^ed in it. In 
other words, layers of true 
bone, wath lacunsB containing 
nucleated cells and with branched 
canaliculi, are thus constructed 
as a lining to the ‘“spaces hol- 
lowed out of the calcified car- 
tilage. None of the spaces, how- 
ever, are completely filled up, 
and there are no signs of regular 
Haversian systems with canals 
and concentric laminin. The 
calcified cartilage is simply re- 
placed by a loose open network 
of spongy bone, in the thickness 
of the bars of which may be 
seen* the remains of the calcified 



Fig. ISO. — Longitudinal 8e> 
TiON OF Ossifying Humerus 
(Dog). 


cartilage, and the cavities of primitive 

1 • , no , 0.1. 11 1 f-irtilagc ; c, b, spongj- bone 

which are filled with blood- arising from ossification of 


vessels and delicate connective 


cartilage ; this has already 
been absorbed and replaced by 


tissue, that is, wuth marrow. medulla at m ; pb, bone (also 
1 -1 i.1. -1 j • spongy) formed by the peri- 

Meanwhlle the perichondrium osteum ; it is seen extending 

or periosteum, in addition to ro™ds 


Sending in these processes lage. (Magnified 7 diameters.) 


which thus convert the calci- 


fied cartilage into spongy but true bone, deposits 
layers of somewhat denser but still spongy bone on the 
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outside of the changed and changing ossific centre, in tlic 
form of a cylinder which grolvs in tliickness by the 
addition of new layers on its surface, iiiiinediaiely under 
the periosteum, and in length by the extension of these 



Fio. 187. — LoNOTTTrt>iNAi:> Section of Ossifying iGARTiLAOE. 

C, region of cartilage ; B, region of bone. 

In C are seen the cartilage cells, r, lying in their cavitie.s, and, ar- 
ranged in columns between them, are the bars of calcified matrix c c. 

In B are seen the long irregular medullai'y spaces contaifiing the 
osteoplasts o, and in one is seen a blood-vessel v. These spaces arc 
becoming lined with true bone, b, in which, as at o', the osteoplasts arc 
entangled, and the canaliculi visible. At c c' are seen the remains of the 
calcified cartilage, coated with true bone on each side. 


cylindrical layers upwards and downwards. The ‘ ‘ peri- 
osteal ” bone, as this is called, is true bone, the deposition 
of calcic salts taking place in the matrix around the osteo- 
plasts in such a way as to leave lacunae and canaliculi. 
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Very soon after this sheath of periosteal bone has made 
its appeajL'ance, the st^ongy bone first formed in the 
calcified cartilage is absorbed again by the sfiine vascular 
processes which formed it, so that soon what was at first 
tlie centre of ossification, after passing from simple 
<5artilage to calcified rfi^rtilage, and so to spongy bone, is 
resolved into man>eV or medulla, that is into vascular 
connective tissue richly loaded with fat. 

Thus, confining our attention to the diaphysis, we may 
say that the primitive femur becomes cut into two halves 
by the substitutieti of vascular medulla for the primitively 
non-vascular cartilage. But the cartilage of each half 
^ continues to, grow in length and thickness nearest the 
medulla, and to be successively converted fii*st into 
calcified cartilage and then into spongy bone at its end 
' nearest the medulla. 

The two halves, however, are held together by the ring 
or cylinder of periosteal bon^ just described, which grows 
in thickness and length as the primitive cartilage of the 
two halves become more and more separated by calcified 
cartilage, spongy bone and medulla. The medulla in- 
creases rapidly until the diaph^wis assumes the form of a 
cylinder of periosteal bone, with narrow but thicker walls 
in the middle, and with wider but thinner walls at each 
end, somewhat like a long narrow dice-box (Fig. 186). 
The middle of the cylinder is occupied by medulla alone, 
but* each end is, as it were, plugged by a disc of cartilage 
undergoing conversion into calcified cartilage, then into 
spongy bone, and finally into medulla. 

If Ve take a vertical section of one of these discs 
(Fig. 187), we may trace out these changes as they are 
taking place. 

In the vicinity of its outer face the cartilage cells are 
’undergoing rapid multiplication, and arrange themselves 
in columns parallel with the long axis of the bone, and 
therefore perpendicular to the face of the zone of calcified 
cartilage. Between these columns the calcified inter- 


o o 
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cellular substance forms partitions, so that the columnar 
masses of cells lie in deep honeycomb-like chambers with 
calcified walls. 

Lower down these chambers are seen to be broken into 
by vascular processes of the medulla, and converted into 
larger irregular chambers, the wisfib. of which are being 
lined with true bone, containing Mchinm and canaliculi. 
Still lower down the walls of these new chambers are 
seen to be again absorbed, until nothing is left but 
medulla. 

As the developing bone grows the diScs get farther and 
farther apart, and the medulla grows longer until the two^ 
ends of the diaphysis meet the epiphyses, t^nd unite with 
them. The whole disc thus becomes at last spongy bone 
continuous with the similar spongy, bone into which the 
epiphysis is converted, all that remains of the calcified 
cartilage being an exceedingly thin layer just below the 
articular cartilage at either end of the bone. 

Thus though the primitive cartilage serves as the model 
of the future bone, a great deal of the bone, namely, the 
dense compact bone which forms the shaft and is con- 
tinued as a shell over the two ends, does not come from 
the cartilage at all but is deposited by the })eriostcum ; 
the spongy bone at each end is the only part that is 
formed in the cartilage, and even in that, as we have seen, 
there are no remains of the^jpartilage itself. 

Moreover the bone even thus formed is subject to 
incessant change. The periosteal bone is at firkt s[>ongy 
and slight in texture, and exhibits no true Haversian 
systems. Little by little spaces are scooped out in it by 
vascular processes of the perjpsteum on the outside and of 
the medulla on the inside, like those which formed it ; and 
such a space when fdnned is in turn filled up in a solid^ 
fashion by layers of bone deposited in a regular way as 
concentric lamellfe round the blood-vessels of the process, 
which in the end remains as the blood-vessel of the 
Haversian canal, in the centre of the Haversian system 
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thus deposited. And indeed similar processes of absorp- 
tion and fresh formation go on certainly while the bone 
is increasing in size, and probably also for some time 
afterwards. ,5 

A good many bones, such as the frontal and parietal 
bones of the skull, have no cartilaginous precursors. The 
roof of the skull of an embryo is formed of connective 
tissue, and the primitive centre of ossification in which 
one of the bones commences is a calcification of that 
i)art of the connective tissue which occupies the place of 
the centre of th#future bone. The calcification radiates 
,from this centre outwards, so that it soon has the form of 
a thin plate, the margins of which are as it were frayed 
out in filaments. The vascular connective tissue which 
incloses the plate becomes its periosteum, and plays the 
same part in relation to the growing bone as the periosteum 
of cartilage bone does to it. As the plate grows thicker, 
medullary processes burrow into it and give rise to can- 
celli and Haversian systems. 

14. The Development of the Teeth. The teeth begin 
to be developed long before birth, and while the jaw bones 
are in a very rudimentary condition. The deep face of 
the epithelium covering the free surface of the gum 
thickens into a ridge, and thus depresses the corresponding 
face of the dermis, which at the same time grows up at the 
sides of the ridge. In this way a semicircular groove, 
which is termed the dental groove, is developed in the 
dermis df the gum of each jaw. But it must be re- 
membered that the epithelium completely fills the groove 
and passes from side to side smoothly over it. Next, each 
groove, that in the upper jaw and that in the lower, be- 
comes subdivided into ten pouches, five on each side of 
the middle line, and behind the fifth on each side there 
remains a residue of the groove, which may be called a 
residual pouch. 

Each of the first-mentioned pouches becomes gradually 
1 The struolure of a tooth has been described on p. 231. 

0 O 2 
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more and more distinct from its neighbours, until at length 
its walls unite and shut off the* epithelium which it con- 
tains from the cavity of the mouth. The result is a closed 
})ag full of epithelium, which is a milk tooth sac. At 
the same time the dermis of the bottom of the sac has 
grown up as a conical process into its, interior ; and this 
dental papilla is the rudiment the future tooth. 
It follows that the epithelium of the sac now forms a 
thick cap, the convexity of which is applied to the w^alls 
of the sac, while its concavity fits accurately on the surface 
of the papilla. ^ 

While the milk-tooth sac is thus shaping itself, its epi:_ 
thelium growls out on one side into a smalUprocess, which 
gradually increases in size and takes on the characters of 
a second tooth sac. This is the sac of the permanent 
tooth, which answers to and will replace each milk tooth. 

A similar change takes place in the residual pouches, 
each of which gradually becomes divided into three sacs 
for the three hindmost permanent teeth in each jaw. 

The sacs of the milk teeth rapidly increase in size and 
become separated from one another by partitions of bone 
developed from the jaw with w^hich they are in relation, 
and which grow up round them. They thus become 
lodged in alveoli. 

The papilla becomes vascular, and in its central part 
the cells of w^hich it is primitively composed give rise to 
connective tissue. At its surface it retains its embryonic 
characters, except that the cells become slightly elon- 
gated perpendicularly to the surface. These cells, which 
are termed odontoplasts, are separated by a delicate 
structureless basement membrane from the very similar 
cells of the epithelial cup. This is now termed the 
enamel organ. It consists of (a) a layer of somewhat 
elongated close-set cells adherent to basement mem- 
brane covering the papilla, the papillary epithelium ; 
(6) of a layer of less elongated close-set cells, adherent to 
the walk of the sac, the parietal epithelium, continu- 
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oils with the papillary ^epithelium at the base of the 
papilla ; (c) of intermediate cells which have a more 
or less stellate form, and adhere loosely. 

The proper tooth substance first makes its appearance 
asji very thin hollow v cap of glavssy calcareous deposit at 
the summit of the papilla, between the layer of odonto- 
plasts and the papillary epithelium. This cap gradually 
extends over the whole surface of the papilla (which has 
in the meanwhile taken on the form of the future tooth), 
and increases in thickness from the summit towards the 
base, so that the jl^rt of the tooth which is first formed re- 
mains, and the new tooth substance can be added only to 
its papillary fslte and to its basal margins. Hence, the 
increase of the tooth is accompanied by decrease of the 
papilla, which eventually remains in the cavity of the 
finished tooth as the pulp. In the region of the crown, 
the ciUcareous deiiosit which first takes place is extremely 
dense, and takes on a prismatic structure ; but in the 
deeper layers the deposit takes place in such a manner as 
to leave fine interspaces, which become the dentinal 
canals. The substfince of the pulp has exactly the same 
relation to the dentinal canals as the substance of ossi- 
fying jieriosteal or medullary tissue has to the canali- 
culi, and a layer of the odontoplasts remains as the layer 
of cells mentioned on p. 232, as forming the superficial 
jiJirt. of the pulp. The pulp cavity is, as it were, a 
gigantic lacuna containing myriads of cells instead of one. 

There can be no doubt about the mode of origin of 
dentine. But it should be stated that in the opinion of 
many the enamel fibres result, not as described above, 
from a calcification of the papilla, but from a calcification 
of the cells of the yiapillary eyuthelium. 

, The fully formed milk teeth press ujion the upper^valls 
of the sacs in which they are enclosed, and, causing a 
more or less complete absorption of these walls, force 
their way through. The teeth are then, as it is called, 
cut. 
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The cutting of this first set of teeth, called deciduous, 
or milk teeth, commences at about six months, and ends 
with the second year. They are altogether twenty in 
number — eight being cutting teeth, or inoisors ; four, eye 
teeth, or canines ; and eight, grinders, or molars. 

It has been seen that each dental of the milk, teeth, 
as it is formed, gives off a little prolongation, which be- 
comes lodged in the jaw below the milk tooth, enlarges, 
and develops a papilla from which a new tooth is formed. 
As the latter increases in size, it presses upon the root 
of the milk tooth, which preceded it, ahd thercl)y causes 
the absorption of the root and the final falling out, or 
shedding, of the milk tooth, whose place betakes. Thus 
every milk tooth is replaced by a tooth of what is termed the 
permanent dentition. The permanent incisors and 
canines are larger than the milk teeth of the same name, 
but otherwise differ little from them. The permanent 
teeth, which replace the milk molars, are small, and their 
crown^ have only tiro points, whence they are called 
bicuspid. They never have more than two fangs. 

We have thus accounted for twenty of the teeth of the 
adult. But there are thirty -two teeth in the complete 
adult dentition, twelve grinders being added to the 
twenty teeth which correspond with, and replace, those 
of the milk set. Permanent back grinders, or molars, 
are developed in the sacs which are formed out of, the 
residual pouches above mentioned. They have four or 
five points upon their square crowns, and, in the upper 
jaw, commonly possess three fangs. 

The first of these teeth, the anterior molar of each 
side, is the earliest cut of all the permanent set, and 
appears at six years of age. The last, or hinder- 
most^smolar is the last of all to be cut, usually not 
appearing till twenty-one or twenty-two years of age 
Hence it goes by the name of the “ wisdom tooth.” 



APPENDIX 

ANATOMICAL AND PHYSIOLOQICAL 
• CONSTANTS 

The weight of the iiody of a full-grown man may be taken 
at 70 kilogrammes (154 lbs.), 

I. Genekal Statistics. 

Such a body would bo made up of — 



Per cent. 

lbs. 

Muscles and tendons . . 

. . 41 . 

. 63 

Skeleton 

. . 16 . 

. 25 

Skin 

. . 7 . 

. 10-7 

Fat 

. . 18 . 

. 28 

Brain 

. . 2 . 

. 3 

Thoracic viscera . 

. . 2 . 

. 3 

Ab(iominal viscera . 

. . 7 . 

. 10-7 

Blood 1 

. . 7 . 

. 10-7 


100 

164 1 

Or of — 



Water 

. . . 67 . 

. 88 

Solid matters .... 

. . . 43 . 

. 66 


1 Tlie total quantity of blood in the body is calculated at ab(rtit to 
i’, of the body weight. 
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The solids would consist of the elements oxygen, hy- 
drogen, carbon, nitrogen, phosptiorus, sulphur, silicon, 
chlorine, fluorine, potassium, sodium, calcium (lithium), 
magnesium, iron (manganese copper, lead), and may }>e 
arranged under the heads of — 

Proteids. Carbo-hydrates, Fats. Minerals. • 

Such a body would lose in 24 hours — of water, about 
2,600 grammes (6 lbs. or 4i pints) ; of other matters, about 
940 grammes (2 lbs.), which would contain about 270-3(K) 
grammes (or rather more than 4 lb.) of cajbon, 20 grammes 
(I oz.) of nitrogen and 30 grammes (al)out 1 oz.) of 
mineral matters (inorganic salts). 

It could do about 150,000 kilogramme-metres (480 foot- 
tons^) of work, and gives off as much heat (2,300 kilogramme 
degree units) as would be able to d<5 five times as much 
work again, say 850,000 kilogramme-metres (or a])out 2,700 
foot-tons). The total energy expended by the body as 
heat and work (calculated entirely as work) is thus about 
1,000,000 kilogramme-metres (3,180 foot-tons), of which 
one-sixth is expended as work and five-sixths as heat. 

The loss of substance would occur through various 
organs and to the respective amounts shown in the table 
on p, 268. 

The gains and losses of this body would be about as 
follows : — 

Creditor -.—Solid dry food . 600 grammes (IJ lbs.) 

Oxygen ... 640 ,, Oi ,, ) 

Water .... 2,300 „ (6| „ ) 

3,540 grammes (8 lbs.) 

Debtor -.—Water .... 2,600 grammes (6 lbs.) 

Other matters . 940 ,, (2 ,, ) 

3,540 gi-ammes (8 lbs.) 


i A foot-ton is the equivalent of the work required to lift one ton 
one foot high. 
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IIj» Nutrition. 

Such a body would require for daily food, carbon 
270-^00 grammes, nitrogen 20 grammes. 

. Now proteids contain, in round numbers, about 15 per 
cent, ‘nitrogen and 53 per cent, carbon, while «irbo- 
hydrates and fats contain respectively 40 per cent, and 80 
per cent, wirbon. Hence the necessary amounts of 
nitrogen and carbon, together with the other necessary 
elements, might be obtained as follows (see p. 271) : — 

Protoids . . . 130 grms. containing 20 grms. nitrogen 70 gnns. carbon 

Carl>o-hj‘dr.itc8 400 ,, „ ,, JOG ,, ,, 

Fats .... *[>0 ,, ,, „ 40 ,, ,, 

Minerals . . 30 ,, „ — ,, ,, 

Water . . 2.300 „ 

2,910 • 20 270 

This miyht in turn be obtained, for instfince, from : — 


Lean meat . . 

. 230 grammes 

Q lb.) 

Bread . 

. 480 

(say 1 lb.) 

Pot^itocs 

. 660 

(H lb.) 

Milk 

. 500 „ 

(4 pint) 

Fat .... 

• 30 „ 

(1 oz.) 

Water . . . 

. 2,300 

(4 pints) 


This table, however, must be understood as being intro- 
duced for the sake of illustration only. Many other 
similar tebles may be constructed by the use of various 
kinds o4 food. 


HI. Circulation. 

In such a body the heart would beat about 72 times in 
a minute and probably drive out at each stroke from each 
ventricle about 1(X) to 125 grammes (5 to 6 cubic inches 
or ounces) of blood. 

The blood would probably move in the great arteries at 
the rate of about 12 inches (300 millimetres) in a s^ond ; 
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in the capillaries at the rate of 1-2 inches (25-50 milli- 
metres) in a min'ute. The time ttiken up in performing 
the complete circuit would probably be about 30 seconds. 

The left ventricle would probably establish a blood - 
pressure in the aorta equal to the pressure (per sq.^‘lre 
inch) of a column of blood about 7 or 8 feet (2 metres) in 
height ; or of a column of mercury C-7 inches (150 milli- 
metres) in height. 

Sending pqt 100 grammes of blood at each stroke 
against this pressure the left ventricle does 1(X)X2000 
gramme-millimetres or 200 gramme-me4 res of work at 
each stroke : in 24 hours, at 72 strokes per minute, the 
total work done is about 20,000 kilograiiime-metros. 
The w'ork of the right ventricle is about one-(iuarter of 
that done by the left, since it works against a smaller 
blood-pressure in the pulmonary artery. The total work 
of both ventricles is therefore about 25,000 kilogramme- 
metres, or 85 foot-tons. 

IV. Respiration. 

Such a body would breathe about 17 times a minute. 

The lungs would contain of residual air about 1,500 c.c. 
(100 cubic inches), of supplemental or reserve air about 
1,500 c.c. (100 cubic inches), of tidal air 500 c.c. (20 to 
30 cubic inches), and of complemental air 5fX) c.c. (100 
cubic inches). 

The vital capacity of the chest — that is, the greatest 
quantity of air which could be inspired or expired —would 
be about 3,500 c.c. (230 cubic inches). 

There would pass through the lungs, per diem, about 
10,000 litres (350 to 400 cubic feet) of air. 

In passing through the lungs, the air would lose from 
4 to 6 per cent, of its volume of oxygen, and gain 4 to 5 
per cent, of carbonic acid. 

During 24 hours there would be consumed of oxygen 
about^,;j450 litres (16 cubic feet) or 640 grammes (1^ lb.) ; 
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there would be produced about the same volume (or rather 
less) of carbouic acid ,• which would contain about 225 
granges (8 ounces) of carbon. During the same time 
about 250 grammes (half a pint or 9 ounces) of water 
woifld be given off from the respii-atory organs. 

In 24 hours such a body would vitiate 1,750 cubic feet 
(1 (jubic foot — 28 ‘3 litres) of pure air to the extent of 1 i)er 
cent., or 17,500 cubic feet of pure air to the extent of 1 
per 1,000. Taking the amount of carbonic acad in the 
atmosphere at 3 parts, and in expired air at 470 parts in 

10.000, such a i)ody would require a supply per diem of 
more than 23,000 cubic feet of ordinary air, in order that 
the surrounding atmosphere might not contain more than 
1 per 1,000 of carbonic acid (when air is vitiated from 
animal sources with carbonic acid to more than 1 per 

1.000, the concomitant impurities become appreciable to 
the nose). But for hejilth, the percentage of carbonic 
acid sliould be kept down to half this amount or *5 per 
KXK), so that the body should be supplied with at least 
about 50,000 cubic feet of fresh air each day. A man of 
the weight mentioned (11 stone) ought, therefore, to have 
at least 1,000 cubic feet of well- ventilated space. 

V. Cutaneous Excretion. 

Such a body would throw off by the skin — of water 
about 050 grammes (23 ounces or 1 pint) ; of solid matters 
about *20 grammes (300 grains) ; of carbonic acid about 
25 grammes (400 grains) in 24 hours. 

VI. Renal Excretion. 

Such a body would pass by the kidneys — of water about 
1,500 grammes or cubic centimeters (53 ounces or 
pints) ; of urea about 33 grammes (500 grains or IJ oz.), 
and about the same quantity of other solid matters in 24 
hours. 
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VII. Nervous AofiON. 

A nen^ous impulse travels along a nerve at the rate of 
about 80 feet in a second in the frog, and of about 1,00 
feet a second in man ; but the rate in man varies very 
much according to circumstances. 


YIII. Histology. 

The following are some of the most ifiiportant histo- 
logical measurements : — 

Red blood-corpuscles, breadth rj^^j^th of an inch, or 
7 /Jt to 8 /i. 

White blood-corpuscles, breadth ij-^unth of an inch, or 

10 fji. 

Striated muscular fibre (very variable), breadth 4 ^(jth of 
an inch, or 60 ^ ; length inch, or 30 to 40 millimetres. 

Non-striated muscular fibre (variable), breadth 
of an inch, or 6 p ; length inch, or 50 /a. 

Nerve fibre (very variable), breadth to 

of an inch, or 2 to 12 p. 

Nerve cells (of spinal cord) excluding proccvsses, breadth 
^Jgth to 25 oi'h or more of an inch, 50 ^ to 100 ^ or more. 

Fibrils of connective tissue, breadth inch, 

orlfi. 

Superficial cells of epidermis, breadth | 
inch, or 25 /a. 

Capillary blood-vessels (variable), with ^^-(j^th to 
of an inch, or 7 /x to 12 p. 

Cilia, from the wind-pipe, length of an inch or 

Sfi. 

Cones in the yellow spot of the retina, width 
an inch, or 3 p. • 
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Abdomen {ahdo, I hide), S 
walla of, 261 
Abdominal aortH, 170 

viscera, weight of, 207 

AlKiuceiJs (o/,, from ; daro, I lead) nerve, 511 
Abduction, 324 

Absorption {ah, from ; %rb(.o, I suck up) from alimentary canal, 23 172, 

222 

blood, 171 
intestines, 202, 203 
stomach, 247 

of oxygen, 24, 100, 127, 162 
173, 670 
sec water 

Accelerator nerves, 73 
Accessory food-stuffs, 270 
Accommodation of the eye, mechanism of, 404 
limits of, 407 

Acetabulum (a ve'^scl Imldiiig vinegar), construction of, 323, 324 
Acid, acetic, aj'pcuranco of bl«M*<i treated with, 101 

connective tissue treated with, 548 
reaction of gastric juice, 244 
urine, 177 

carbonic, see Carbonic acid 

hydrochloric, calcareims salts dissolved out of hone bj^^07 
in gastric juice, 245 
taifrocholic, 250 
uric, 184 

Acids of the bile, 214 

Acts, particular, connected with particular parts of brain surface, 520 

“ Adam’s Apple,” 328 

Adduction {ad, to ; duco, I load), 824 

Adenoid tissue, 90, 554 

Adipf>s 0 {(uleps, fat) tissue, 554 

Adjustment of the eye, how accomplished, 404 

Aerial waves from sonorous bodies, 882 

Atfcrent and efferent impulses, path of, along cord, 483 

in medulla oblongata, 514 

nerves, 838, 471 

Air, atmospheric, composition of, 6 

changes in, effected by respiration, 4, 6, 128, 135, 570 
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Air, alveolar, 155 

in lungs, residual, stationary, and tidijiJ, 148-150, 570 
odoriferous, 3G2, 363 
waste, 151 

Air cavities in turbinal bones, 360 
Air cells in lungs, 133, 149, 150 
Air tension in oar, regulation of, 392 
Albumin (white of egg, album, white) in blood, 106 
as a food, 223, 274 
Albuminous glands, 237 
Alimentary canal, functions of, 222 

muscular fibres of, 301 
organs, 22 

Alimentation (alo, I nourish), function of, 222-282 
organs of, 225 
Alkaline reaction of bile, 259 

blood, 105, 114 
living muscle, 294, 295 
pancreatic juice, 257 
sweat, 198 

Alveoli (a small hollow vessel) of lymphatic glands, 89 
of infundibulum, 133 
of salivary glands, 236 

Alveolar air, 155 # 

Amoebae reciprocal), likeness of colourless corpuscles to, 102 

Amoeboid movements of white corpuscles, 102, 284, 552 
Ampullae (ampulla, a flask or bottle) of semicircular canals of ear, 36(5 
Amputation (ambo, around ; puto, I cut) of tongue, effect of, 336 
Amyloids (a/avXov, starch) as food, 223 
digested in mouth, 262, 264 
not acted on directly by gastric juice, 247 
“Animal starch,” 215 
Animated photographs, 423 

Anterior and posterior cornua (horns) of spinal cord, 461, 452 
Anterior nerve roots of cord motor in function, 467 

connected with nerve colls of aiiterioi 
cornua, 483 

Anterior pyramids of medulla oblongata, decussation of, 516 
Antero-lateral tracts of spinal cord, 486, 488 
Aorta (aei'pw, 1 take up, or carry), 38 
amount of pressure on, 570 
abdominal, 170 
valTOT of, 47 

Apex of heart, felt in “boating” of the heart, 57 
its position, 42 
Appendix, vermiform, 250 
Aqueduct of Sylvius, 498, 499 
Aqueous (aqua, water) humour of eye, 394 

Amchnoid (apaxpq^, a spider, or spider’s web; shape), its fluid 

and membrane, 448 

Areolar (areola, a little space) tissue, 86, 548 
Arterial blood, 124, 126 
Arterial tone, 68 

Arteries (aprjo, that by which anything is suspended), 
bleeding in jets from, when cut, 58, 79 
calibre of, regulation by vaso-motor system, 34, 66, 67, 205 
elasticity of, 34, 56, 62 
filling of, 56 
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Arteries, nervous control of, 65 
pressure, 59 
pulsation of, 57 • 

valves in primary, 38 
structure of, 31-35 
Arteries or artery — 

aorta, 38, 47, 131 

aMoininal, 170 
coronary, 40 
hepatic, 40, 209 
iliac, 170 

pulmonary, 37, 38, 131 
radial. 60 

renal, 176, 178, 179, 180, 182 
si)lenic, 217 
tehiiioral, 61 
tODial, 61 

Articular (orf/evi' us, jfjoint) cartilages, 317, 544 
Articulations of bones, 303, 312-325 
Arytenoid (apureu/a, a pitcher, or ladle ; ctfioj, shape) 
cartili%e8, 328, 329 

Asphyxia (a, privative; <r<f)vi(o, I beat, of the pulse), modes of death 
from, IGl, 162 
Assimilation of food, 225 
Association, law of, 523 • 

Astragalus (dcTTpdyaAos, an ankle bone), 826 
Atlas (d, euphonic ; rMifiu), I bear) vertebra, 320 
Atmospheric (dr/ub?, vapour ; <T<f>alpa, a sphere) 
pressure, 154 

how equalised in ear, 392 
an obstacle to dislocation of hip, 824 
opposed by elasticity of lungs, 187, 154 
Atropine, effect of injection of, 239 
Auditory (audio, T hoar) hairs, 308, 369, 376 
nerve, 304, 496, 512 
ossicles, 879 
sensorium, 880 
spectra, 430 

Auricles (auricula, a little ear), 43 
Auricular appendage, 50 
Auriculo- ventricular apertures, 45 

an axle) vertebra described, 320 
Azygos (a^vyog, unyoked) vein, 41 


Bacteria, action of, in fermentation, 203 
BalancQ, physiological, how maintained, 7, 25 
Ball and socket joints, 318 

capsular ligaments to, 323 
Banting “ cure,” the, 276 
Basilar (basis, a base) membrane of ear, 874 
Beating of the heart, 67 
Beet-sugar, 224 

Biceps (bis, twice ; caput, head) muscle, 13 

its attachments, 803, 304 

Bicuspid {bis, twice ; cuspis, point of a weapon) teeth, 229, 566 
Bile, flow of, into deodeiium, 260 
nature and action of, 259 et seq. 
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Bile-pigments, 259 
-salts, 259 

secretion of, 105, 207-215 
Bilirubin, 25!) 

Biliverdin, 25!) 

Bipolar cells- sec Rod and Cone 
Bladder, 170 

Blastomeres (/SAaorro?, a bud ; /xf'po?, a division), 532 
Blind spot of eye, 421, 422 
Blister, how formed, 530 
Blood, 93-129 

amount of lymph poured into, 1CK.I 
arterial and venous, 123-129 
in capillaries, 31, 170 
chemical composition of, 105 
circulation of, 22, 04 

evidence of indirect, 77 
coagulation of, 94, 110 
composition of, 105 
corpuscles, 94-105, 219 

under inflammation, 80, 82 
longest ];K>ssible course of, 41 
crystals, 98, 120 
flow, rate of, 01, 04 
functions of, 23, 110 
gains and losses to, 170-175, 20G 
gases in, 100, 124 
glandular action on, 140 
heat of, 25, 00, 105, 202 
of hepatic vein, sugar in, 217 
microsc(jpic examination of, 93 
oxygen carried by, 24, 100, 127 
platelets, 82, 104 
portal, 214 
pressure, 59 
solids in plasma of, 108 
specific ^avity of, 105 

of splenic vein, paucity of red corpuscles in, 219 
transfusion of, 117 
quantity of, in body, 116, 507 
supply, its influence on respiratory centre, 161 
weight of, in the body, 267 
Blood vessels, 30, et seq. 

peculiar epithelial lining of, 514 
regulation of, by vaso-motor nerves, 67, 205, 48C 
of the retina, 425 
Blushing, how eflfected, 60, 69 
Body, human, general build of, 8, 507 
diagrammatic section of, 11 
elements present iii, 568 
equilibrium of, 518 
joints of, 316 et seq. 
various movements of the, 324 et seq. 
weights of various parts, 267, 567 
woi^ done by, 280 
Bone, canaliculi of, 302 

cancellated structure of. 805 
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Bone, development of, 556 

structure of, 301, 305, ^0 
Bones, considered as levers, 303, 312 
corpuscles, 311 
number of, in body, 14 
Bones, astragalus, 326 
atlas, 320 
“ axis, 320 
clavicle, 16 
<’occyx, 14 
of ear, 377 
femur, 302, 310, 558 
humerus, 318, 320 
hyoid, 228 
ilium, 16 
incus, 378, 370 
innominatum^l 6 
ischium, 10 

of lower extremity, 14, 302, 313, 319 

malleus, ^6, 378 

maxillarj^ 360 

metacarpal, 310 

nasal, 859 

orbiculare, 3801 ^ 

patella, 16, 315 

pelvis, 317 

pubis, 16, 317 

radius, 304, 822 

ribs, 14, 136, 130, 140, 145, 307 

sacrum, 14 

scapula, 16 

of skull, 16, 228, 370, 560 
temix)ral, 377 
turbinal, 228, 359, 360, 411 
ulna, 318, 322 

of upper extremities, 14, 303, 304, 324, 325 
vertebne, 0, 15, 135, 448 
Brain, base of, illustratcfl, 406 

component parts of, 403, (i srq. 
effect of destruction of, in frog, 74, 480, 519 
respiration on, 166 
venous blood on, 163 
grey matter of, 501 , 505 
hepjjspheres oif, 404 

injviry to, death caused indirectly by, 28 

on one side affects opposite side of body, 516 
lobes of, 500 

localisation of powers in, 520 
membranes of, 448, 504 
minute structure of, 505, et seq. 
olfactory lol>os and nerve form part of, 359 
optic nerve forms part of, 363 
pia mater of, 448 
portio dura of, 406 
reflex action of, 521 

sensation, mental action and will vseated in, 21, 520 
spinal cord continuous with, 10, 11 
structural arrangements of, 493, et s(q. 
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Brain, ventricles of, 494 
weight of, 2(37 

Bread, as food, 224. 272-275, 560 r 

Breathing, sei Renpiration 

Brewster. Sir David, quoted as to illuHions, 43<> 
Broca, M., his convolution, 525, 526 
Bronchi (/Spovxos, the windpipe), 131, 137 
Bronchial tubes, ciliated epithelium in, 131, 137 
Bronchioles, 131 

“ Bronzing ” of skin, cause of, 221 
Brunner, glands of, 254 
Buccal (5ucca, the mouth) glands, 235 
Buffy coat of blood. 111 
Bursse (6ur«a, a pouch), 303 


C.^iCLTM {i.e. intesihiUM the blind gut), 249 

Calamus scriptorius, 497 

Calcic salts in bone, 1 4, 307, 338, 560 

Calcarine fissure, 523 

Calorie, a, 281 

Camera obscura (dark chamber) described, 401 
Canal, alimentary, 223, 233, e.t seq. 
central, of spinal cord, 451 
semicircular, 518 
spinal, 9 

Canaliculi of bones, 308 

Canalis cochlearis (icoxAov, a spiral shell) of ear, 373 
Canals, Haversian, 306 

semicircular, of ear, 865, 366, 376 
Cancellous (cancelli, lattice-work) tissue of bone, 303, 806 
Cane-sugar, 224 

Canine (cani#, a dog) teeth, 229, 566 

Capillaries (capillus, a hair), continuous with veins and arteries, 23, 30 
dilatation of, under influence of heat, 205 
exudation through, 23, 171, 187, 192 
friction in, 56, 61 
heat evolved in, 202 
lymphatic, 84, 121 
microscopic examination of, 31, 79 
pulmonary, oxidation of blood takes place in, 127 
distribution of, 181 
pulse lost in, 61 

of stomach and intestines, 250, 268 r 

structure of, 30 
of the villi, 264 
walls of, 32, 83 
Capillary circulation, 79 
Capsule, Malpighian, 178, 181, 186 
Capsules in cartilage, 644 

internal, of brain, 527, 529 

of corpora striata, 504 
of liver, 209 

of lymphatic glands, 89 
of spleen, 217 

Carbohydrates as food, 228, 224, 272 

given up by the blood to the tissues, 103, 171» 271 
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Carbon (carbo, a coal), in foods, 223, 224 

^ount of, eliminated per diem, 267, 271, 570, 671 
C arbonic acid, effect of, on bl^i^ corpuscles, 98 

excess of, in venous blood, 5, 124, 127, 163 
by lunjrs, 24, 154, 162, 267, 571 
by muscle, 206 
by skin, 190, 571 
mode of poisoning by, 163, 164 
f ^ ^ a product of dissolution, 28 

( arbonic oxide gas, effect of, on blood corpuscles, 163, 164 
Cardiac (icap6i'a, the heart) dilatation of stomach, 242 
impulse, 57 

muscular tissue, 44, 286 
nerves, 72 

Cardio-inhibitory centre, 75 

Cartilage (carl il ago, gristle) on articulating surfaces, 303 
corpuscles, 543, 549 
growth an# structure of, 541 
in trachea and bronchi, 129, 130 
Cartilages, 14 

articular, 17, 317 
hyaline, 541 

inter-articular, 817 * 

sterno-costal, 641 
thyroid, 328 • 

Carunciila (dinu of caro, flesh) lachrymalis, 411 
Casein (casevs, cheese), 223 

'■ Catherine wheel,” continuous appearance of, on the retina, 423 
C-oll-body of white corpuscles, 102 
Cells, ciliated, 134, 284, 861 

columnar ciliated epithelial, 284 
cornification of, 196, 637 
demilune, 236, 237 
differentiation of, 533, 547 
epidermic, 537 

epithelial, continuous with epidermic, 12, 537 
modified for sense organs, 343 

of hearing, 364, 388 
sight, 414 
smell, 361 
taste, 856 

^ touch, 348 

epithelioid, 80 
fat, 655 

incftisant reproduction of, 26, 192 
liver or hepatic, 209, 212 
AS living organisms, 102, 293, 547 
mucous, 184 
nerve, 459 

nucleated, bone forming, 559 
in capillaries, 30 
of cartilage, 543 
of connective tissue, 549 
in embryonic tissues, 293, 531, 545, 553 
pigment, 896 
primitive, 633 

differentiation of. 532 
of Purkinje, 506 
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Cells, of the retina, 414 t’< seq, 
secreting, 187, 235 
various forms of, 540, 541 
wandering, 552 
Cellular tissue, see Areolar. 

Cellulose, 224 

digested by herbivora, 263 
Cement of teeth, 231 
Centres, cerebro-spinal, 21, 447 
of ossification, 557 
respiratory, 158 
vaso -motor, 489 

Cerebellar tract of spinal cord, 486 
Cerebellum, functions of, 516 et s>'q. 

removal of, 517 
Cerebral cortex, 488, 505, 508 

localisation of function in, 523 
hemispheres, functions of, 519 et scq. 

stimulation of, 525 

Cerebellum (dim. of cerebnun), position of, 495, 505 

Cerebral {cerebrum, the brain) Jiemispheres, functions ol, 408 405, 519 

Cerebro-jspinal system, 9, 447, 449 

Cerebro-spinal fluid, 449 

Check ligaments, 323 

Cholesterine (yoAi), bile ; areap, fat), 214 

Chondrin (xovopos, cartilage), 542 

Chorda tymi:»ni, 72, 239 

Chord® tendine®, 45, 53 

Choroid (xopiov, investing nierabranc of foetus ; cT6o?, form) coat, 306 
pigment cells from, 806 
plexuses of brain, 504 
Chyle (xvAby, juice), formation of, 264 

in the intestines, 261 
in lymph, 119 
receptacle of, 86 
Chyme (xv/ibs, pulpy juice), 247, 261 
Cilia {cUium, an eyelash) described, 294 
on bronchial epithelium, 134 
on part of nasal mucous membrane, 361 
from the windpipe, length of, 572 
Ciliary ligament and muscle, 397 
processes of choroid, 396 
Circular fibres of eye, 402, 403 
Circulation of the blood, 23, 30 
capillary, 79 

control of, by the vaso-motor system, 34, 67, 489 
constant of, 569 
course of, 38, 41 

eflfects of respiration on the, 161 
evidence of the indirect, 77 
in kidney, 179 
l esistance, see Peripheral 
Circulation, portal, 40, 215 
Circumduction (a leading around), 324 

CircumvaUate (circum, around ; vallum, a wall) papillse, 354, 856 

Cistern of the chyle, 86 

Clarke’s column, 486 

Clavicle {clavicula a small key), 16 
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Clotting of blood, 94, 103, 110, 111 
of muscle plasma, '29-l> 

Coagulation (con, together ; ago, I drive) of blood, 94, 110 
Coal-gas, risk from breathing, 104 
Coats of arteries and veins, 82 
Ctx;cyx (kokkv^, a cuckoo), 14 

Cochb .t (icox Ata?, a spiral shell) of ear described, 370-876 
. functions of, 385 
(Cochlear nerve, 38G, 518 
(V>hnhemi’B areas, 29‘2 
Cold, respiration affected by, 159 
sensations of, 349 
Cold spts, 349-351 

Collaginous (icoAAa, ghie ; yevvdm, I produce) fibres of connective 
tissue, 549 
Colloids, 1211 

Colon (kwAoi', a part oi^division), 250, 251 
Colour, sensations of, 420 
Coloiir-blindness, 420, 480 
“ Colour tof),” exj^riments with, 427 
Colouring matters in urine, 184 
C(jlourles8 cortmscles, see White. 

(Vtlours, complementary, 427 
primary, 428 • 

Columnar, carnea^ (fleshy columns), 47 
(Jombination of muscular actions, 20, 481, 519, 521 
Commissural (cox, together; mitto, 1 send) cords, 489, 490 
(Jomplementary colours seen as result of retinal fatigue, 427 
(^)ncha (icoyxo?, a sea shell) of car described, 381 
Concussion of brain, 20 
(^Jiiduction of impulses, 483 
Cone bipolar cell, 417 
Cones (xwrov, a fir cone) of retina, 401, 4i3 
abundant in yellow spot, 419 
width of, 572 

(’onjuiictiva (cox, together ; jungo, I join) 346, 411 
Connective (roj?, together ; necto, I fasten) tissue, 13, 548 
corpuscles, 545, 549, 661 
fibres of,88, 548, 549 
fibrils of, 550, 572 
lymphoid, 90i 
perimysium formed of, 287 
ossification of, in skull development. 
661 

retiform, 90 

. varieties of, 552 

Consciousness, states of, 340 

Consonants (con, with ; sono, I sound), pronunciation of, 335 
Constants, anatomical and physiological, 566 
(Contact (con, with ; tango, I touch), sense of, 352 
ContKictility (con, together ; traho, I draw) of bronchial tubes, 187 
of colourless corpuscles, 100, 101, 294 
* of muscular fibre, 285, 293 

Contraction of heart dependent on its ganglia, 73 
rhythmical, 50, 51 
of hollow muscles, 800 
of intercostal muscles, 140 
of iris, 301 , 397 
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Contraction of muscles, 13, 21, 33, 50, 285, 296, 338, 467 
of muscular coat of arteries, 3^, 66 
of muscular fibre, 285, 828, 471 
peristeltic, of gland ducts, SOI 

of intestines, 252, 301 
of sphincter muscles, 177, 252 
Convolutions of brain, 294 

Broca's, 525, 526 

of the cerebi^ hemispheres, 523 
Co-ordination, 26, 516 
Cornea (corneim^ homy), 394 
Corneous layer of skin, 192 
Comified cells, 196 

Cornu (a horn) of spinal cord, anterior and posterior, 452 
Coronary (corona, a crown) arteries, 66 
Corpora quadrigemina, 499, 502, 513 I 

Corpora striata, 503 
Corpus albicans, 499 

Corpus callosum (the hard body), 495, 499 

Corpuscles (corpusculum, dim. of coi'pus, a body), of the'olood, 94, 95, 80 
bone, 311 
cartilage, 543, 549 
of connective tissue, 548 
effect of the spleen on, 219 
Malpighian, 218 
measurement of, 540, 572 
migration of, 82, 103 
of the spleen, 219, 551 
pacinian, 346, 347 
tactile, 344, 345 
under inflammation, 80, 82 
Cortex of lymphatic glands, 89 
of kidney, 178 

Corti, organ and rods of, 873, 374, 386, 388 
Coughing, 146, 157 

Cranial nerves, arrangement of, 495, 510 
Creatine (Kfxiai flesh), 296 
Oetinism, 220 

Cribriform (cribra, a sieve ; forma, shape) plate, 358, 862 
Cricoid (KOMcof, a ring) muscle, 328 
Crico-arytenoid muscle, 331 
Crico-thyroid muscle, 329, 331 

Crista acustlca (acoustic crest), 367 , 

Crossing over of nervous impulses in cord, 483, 516 

in medulla oblongata, 616 

Crown of tooth, 229, 230 
Crucial ligament, 323 
Crura cerebri, 495 
Cms cerebri, 528, 629 
Crystals in blood, 99 

change of colour of, by oxygenation, 126 
doubly refracting, 440 
Crystalline lens, 394 
Crystalloids, 1211 

Cubic feet of ah* needed for respiration, 169, 571 
Curvatures of stomach, 242 
Cutaneous excretions, constant of, 671 
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Death from asphyxia, 161 
of the blood, 104 
general and local, 26 
immediatt; caizses of, 27 
of muscle, changes caused by, 291, 295 
^ stiffening after, 295 
Dodduous teeth, 566 
DOTomposition after death, 28 
Decussation of the pyramids, 515 

anterior pyramids, 516 
sensory, 515 
Defecation, 482 

Degeneration of nerve-fibres, 469, 484 
method, 470 
tracts of ascending, 485 
descending, 487 

Delirium tremens (tilmbling deUrium), 436 
Delusions of the judgment, 436, 438, 439 
optical, 487, 488 
Demilune cells, 2fG, 237 
Dendrites of cells of Purkinj^, 506 
Dental (dens, tooth) groove, 563 
papilla, 564 
pulpf 280 
tissues, 231, 562 
Dentine, 281 
Dentition, 665, 566 
Dermis (Bepfia, skin), 12, 190, 858 

Dextrose (dexter, right-handed, from the direction of light polarised 
through it), 224 

Diabetes, a form of, produced by injury to medulla oblongata, 258, 515 
Diaphragm (6ia, across ; <f>pd(r<r<t), I separate by a fence), 9 
action of, in respiration, 148, 144 
connection of pericardium with, 42 
of camera obscura, 401 

Diaphysis (Sia, across ; I grow) of rudimentary bone, 557 
Diastole (6t’, apart ,* o-reAAta, I place), 51, 52 
Diet, mixed, economy of, 273 
Differentiation of cells, 583, 647 
Diffusion of the faeces, 264, 266 
of lymph, 120 

Digastric (Si for SI?, twice ; yaerrnp, the belly), muscles, 804, 805 
Digestion, artificial, 245, 257^ 

* fluid for, 257 1 

constant of, 669 

• purpose and means of, 222, 225 
secondary, 214 
Digits of hands and feet, 8 
Dim hands of striated muscular fibre, 291 
Direct pyramidal tract of spinal cord, 488, 515 
Distance, judgment of, by the eye, 440 
Division of labour in cells, 688 

nucleus of epidermic cells, 688 
mammalian ovum, 682 
Double hinge-joint, 818 

vision, as result of squinting, 444 
Drill, reflex nature of actions taught by, 522 
Drinking, mechanism of, 284 
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Drum of the ear, 377 
Duct, bile, 213, 218 
hepatic, 209 
lachrymal, 412 
pancreatic, 218, 243 
thoracic, 85 
Ductless glands, 134 

Duodenum (duodeni, twelve, from being twelve finger-breadths long, ^47 
secretions flowing into the, 2(50 • 

Dui-a mater, 448 

Dyspiuea (6i;?, bad ; irrew, I brejithe), 161, 102 


Ear described, 303, ct seq. 

experiment on blood supply to, 67, 489 
“ tightness ” of, 392 

transmission of sound-waves to the inner, 382 
external, 381 / 

middle, 378 

Education, basis of the possibility of, 323 
Efferent (ejr, out of ; jero, f bear) impulses, course of, 4S3 
nerves defined, 471 

degeneration of, 4i)0 

muscular fibre contracts by means of, 338 
Elasticity of artery walls, 32, 34, 5**, 62 * 

cartilage, 547 ’ , 

lungs, 137, 165 
muscle, 299 
Knx)W joint, 318, 320 
Electrical fishes, efferent nerves of, 471 
properties of a nerve, 473 
Elements present in human body, 568 
Embryo, growth of bones in, 557, 561 

connective tissue in, 556 
muscle in, 294 
teeth in, 563 

red corpuscles nucleated in, 102 
Embryonic form of all tissues, 531 
Emotions, various, 340 

eflfect of, on the heart, 73 

on perspiration, 198 
on the vaso-motor system, 60 
painful, tears a consequence of, 412 
Emulsification of fats, 261 
Emulsion of fats, 258, 261 
Enamel of teeth, 230, 231 
organ, 564 

End-bulb of nerve-fibre, 190, 844, 346 
End-organs of special sensations, 386, 389, 521 
Endocardium (evSov, within ; xapSta, the heart), 45> 

Bndolymph (e»<6or, within ; hmpfMj water) contained in ear-sac, 364 
vibrations of, 385 

Energy (h, in ; epyoy, work) supplied by oxidation, 7, 24, 222 
income and expenditure of, 279 
Enzymes, 241 

Epidermis (ev-l, upon ; Bepfjka, skin), 12, 190 
breaidtn of superficial cells of, 572 
Cells of, converted into horn, 196 
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Epidermis, composition of, 535, 588 

continuous with epitliolium, 12, 537 

an execretory orgaff, 1% 

growth of, 53S 

non- vase vilar, 31 

its relation to the derma, 539 

scales of, continually shed, 53») 

Epiglottis (cffl, uix)n ; yAwTra, a tongue), 129, 227 
Epf^diyses of rudimentary bvme, 557 
Epithelial tissue, 534 
Epithelioid cells, 89 

Epithelium (cm', upon ; ^aAAoj, I gi-ow) 
auditory, 304, 374, 3K5, 389 
cells of, incessantly reproduced, 20 
nucleated, 537, 540 
ciliated, 284 

iu nasal mucous membrane, 301 
modified Tn scnse-orgtms, 343, 348, 3«'d 
epidermis, cimtinued into, 12 
modified in sense organs, 343, 348, 301 
(tf nuft'ous membrane, 540 
non- vascular, 31, 540 
olfactory, 301, 302 
of the retina, 419 
<*f serous cavfties, 540 
inipyilary, 504 
parietal, 5(!4 

secreting, in sweet glands, 17 

in tubules of kidney, 180, 188 
Equilibrium, iKxlily, maintenance of, 518 
Erect iKisition, how maintained, 17 
Essential food-stuffs, 279 

Ether, vibrations of, physical basis of light, 421 
Eustachian tube, 229, 379 

probable oftlce of, 392 
Evaporation from the lungs, 5 

from the skin, 5, 204 

Excretions {« a- , from ; a mo, I separate), a table of, 208 
amount of oxygen contained in, 0 
solid matter in, 571 
Excretory organs, 28, 170 

Expiration and inspiration (exspiro, I breathe out), 145, 167 
usually performed silently, 830 
Expired ain analysis of, 57u 
Extension of limbs, 824 
Eye, the, 392, et 9tq. 

* accommodation of, 404 
as a water ‘Camera, 399 
blind spot of, 422 
muscles of, 304, 409 
nerve supply to, 510 
yellow spot of, 41 H 
Pyeball, component parts of, 394 
Eyelids and eyelashes, 419 


Face, cavity of, 10 
Facial nerves, 511 
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Faeces (/ct'x, grounds), 23, 225, 263, 266, 268 

Fainting effected by action of the pneumogfwtric, 72 

Faintness, sense of, 341 

Fan^ of teeth, 229, 230 

Fascia (a band) of a muscle, 287 

Fat cells, 555 

Fatigue, a cause of, 341 

of retina, 429, 430 

Fats, absorbed by the lymphatics, 264 
in blood co^uscles, 103 
emulsified in duodenum, 258, 261 
as food, 223, 224, 272, 569 

given up from the blood to the tissues, 171 , 271 
not act^ on directly by gastric juice, 245 
weight of, in body, 267 
Fatty tissue, 553 
Fauces, 227 

Femur (the thigh), structure of, 297, 302 
Fenestra (a window or opening) ovalis, 377 
rotunda, 373, 377 

Ferments, action and composition of, 241 
in blood, 115, 241 
in caecum, 263 
Fever, temperature of, 207 
Fibre cells, cardiac, 44 

Fibres, circular or sphincter, of eye, 402, 403 
of connective tissue, 88, 548 
medullated and non-medullated, 491, 493 
motor, 297 

muscular, 44, 287, 572 
breadth of, 572 
nervous, 287, 459, 572 
of pyramidal tract, 527 
s'pnpathetic, 492 
Fibrils of connective tissue, 550 

breadth of, 572 

muscle, 290, 292 
Fibrin, 110, 113 

ferment, 115 
Fibrinogen, 114 
Fibro-cartilage, white, 546, 647 

yellow, or elastic, 647, 648 
Fibrous tissue, 12 

arteries sheathed by, 82 
Filtration of lymph, 120 
of i^ne, 186 

Filiform (JUium, a thread ; forma, a shape) papillae of tongue, 354 
Fishes, electrical, efferent nerves of, 471 
Fissure of Sylvius, 500, 523 
Fissures of brain, 600 
calcarine, 523 

of cerebral hemispheres, 623 
parieto-occlpital, 628 
of Rolando, 500, 523 
of spinal cord, 449, 460 
Flexion of limbs, 824 
Fluid, cerebro spinal, 449 
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Fluid of labyrinth of ear, 364 
pericardial, 42, 113 • 

Focus, the, in sight, 400 

Fog, effect of, on jutlgnient of size, and distance, 441, 442 
Follicle, 196 

, solitary, 254 

Fo<^, average amount taken, 509 

change undergone in the intestines, 260 
n^icessary constituents of, 5, 222-224 
oxidation of, in the lx)dy, 7, 24, 222 
taken up by the blood, 172 
waste made good by, 222 
and nutrition, 206» d seq. 

Food -stuffs classified, 222-224, 272 
effects of -several, 276 
erroneous classification of, 278 
essential* nd accessory, 279 
Foot, the, 18, 19 
as lever, 813 

Foramen (a hole ffrom/oro, I pierce), nutritive, of bone, 306 
of Magendic, 505 
of Monro, 499 

Foramina, intervertebral, 440 
Form, visual judgment cf , by shadows, 442 
• of changes of, 443 

Fornix, 499, 504 

h'riction of blood in capillaries, 50, 61 
Frog, exi>eriment on, as to action of pncumogastric, 74 
reflex actions, 479, 519 

rate of transmission of nervous impulse in, 572 
Frontal lobe, 500, 524 

F\ilcnnn, relative jKJsition of, in various levers, 313 
Fungiform impilbe of tongue, 354 


Gall-Bladder, 208, 209, 213 

storage of bile in the, 260 

Galvanism, effect of, on spinal cord and nerves, 21, 467 
Ganglia (yai/y^iov, a hard gathering) of the heart, 73 
IjTuphatic, 85 

on sensory roots of fifth i)air of nerves, 511 
sympathetic, 9, 447, 490, 492 
or the posterior root, 453 
Ganglionic cells of the retina, 414 

Gases,' behaviour of, towards other gases and liquids, 134 
in blood, 124, 126 
poisonous, 164 

proportions of, in atmospheric air, 6^ 
in urine, 184 

Gastric (yaarrijp, the stomach) glands, 243 
juice, 242, 244, 245 
Gastrocnemius muscle, 297 
Gelatin (qe/o, I freeze), 224, 277 

obtained from connective tissue, 13, 548 
Germinal spot and vesicle, 532 

Glands (plans, an aconi), a source of loss to the blood, 140 
structure of, 219, 225 



588 


INDEX 


Glands, albuminous, 237 
of Brunner, 254 
buccal, 235 
cutaneous, 10«i 
gastric, 243, 244 
intestinal, 225, 226 
lachrymal, 411 
of Lieberkdhn, 253 
lymphatic, 89, 218 
mesenteric, 251 
mucous, 237 
parotid, 235, 237 
pineal, 499 
racemose, 227 
salivary, 173, 225, 236 
sebaceous, 196, 198 
solitary, 254 
sublingual, 235 
sub-maxillar\’, 235, 236 
thymus, 219 
thyroid, 220 

Glandular substance, iK) 

Glasses, multiidjdng, 440 
Globulin, 224, 294 

Glomerulus (dim. of (ylonu/it, a clue of thread) of ifidney, 179, 186 
Glottis (yAwrra, the tongue), desoril>ed, 129, 328 " » 

jK>.sition of, 229, 358 

under control of the medulla cddcmgata, 512 
Glosso-pharyngeal ner^e, 356, 496 

b<jth motor and sensory in function, 512 
Gluten ((ffi'o, I draw together), 224 
Glycocholic acid, 259 

Glycogen (yXvKv^ sweet ; yevvd<o, I produce) in liver cells, 207, 213, 
in blood-corpuscles, 103 
conversion of, into grape sugar, 215 
iion-nitrogenous, 296 
Goitre ((jutfur, the throat), 220 
Granular layers of eye, 418 
Grape-sugar formed from glycogen, 215 
Grey commissure of spinal cord, 453 
Grey matter of brain, special nature of, 501, 505 
in medulla oblongata, 50\ 
of spinal cord, 451, 460 

Gristle, 14 
Gullet, 228 

passage of fluids in, 234 
Gum, of mouth, 229, 230 
Gustatory (ptistOf I taste) nerve, 354, 511 
Gyri of cerebral hemispheres, 523 


H45MATIN (alfidrtvo^, charged with blood), 98, 105 
Hflpmoglobin (al^ia, blood ; globus, a globe), 97, 98 
acted on by carbonic acid, 164 
combination of, with oxygen, 107, 126 
crystallisation of, 67 
decomposition of, 105 
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Hair, non-vascular, 31 

its growth limited, 106 

Hair-like processes on auditoTy epithelium, 364, 367, 374, 380 
Hairs, growth of, 195-197 

nieasurenieiit of, 540 
Haversian canals, 30(), 308 
Hearing, mechanism of, 341, 363 
Heart*, action of, helped by respiration, 64, 167 

increased by irritation of sympathetic, 74, 400 
. nervous control of, 74, 75 

8toi>ped }}y irritation of pncumogastric, 73, 400 
boat of, 50 
divisions of, 42 
ganglia of, 73 

inliibition of heart -beat, 75 
muscular fibres of, 44, 301 
position of, 1.^, 137 
of sheep, 39, lli, 48 

rhythmical contraction of, 23, 50, 51, 73 

size of, 41. 42 

sounds of,C)7 

valves of, 45 

work done by, 5»>9 

Heat, constfint loss of, in the body, 5, 171, 2t»2 

measurement of ai?lount given off by the body, 281 
muscular^ 202, 203 

produced by oxidation, 22, 172, 202, 222 
-producing food-stuffs, 278 
regulation t»f, 206 
sensation of, 349 
si)ots, 34lt--351 
Henlo, loop of, 180 

Hepatic (i^rrap, the liver) artery, 40, 209 
cells, 209, 212 

their action, 214 
duct, 209 
vein, 209 

Herbivorous animals, development of c{»;<cum in, 249 i 
Hering, Prof., history of sensations of colour, 429, 431 
Hiccough, 14<> 

Hilus of the kidney, 176 
Hinge joints, 318 
HiI)-joint, seetiou of, 319 

Histology GcTToy, a tissue ; Aoyo?, a discourse), defined, 530 
Histological measurements, 539, 572 
Hollow muscles, 300 

Homoiomera (o^oioy, like ; /aepos, a division). 530 
Hooi>s, cartilaginous, of trachea, 180 
Horn, epidermic cells converted into, 190 
Humerus (the shoulder) articulation of, 318 
Humours of the eye, 394 
Hyaline cartilage, 541 

.Hydrochloric (v5wp, water ; ;^Awpbs, pale green) acid in gastric juice, 245 
action on myosin, 295 

Hydrogen (vStop, water ; yepvdta, I produce) in foods, 108, 224 
sulphuretted, poisonous effects of, 164 
Hyoid (v, the letter upsilon ; el5o«, shape) bone, 328 
Hypoglossjd (lurb, beneath ; yAwTra, the tongue) nerve 496 
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I LEO-c.«CA.L valves, 249 
Ileum (eiAc'w, I roll), 249 
Iliac (ilia, the flanks) arteries, 170 
Ilium, 10 

Illusions, spectral, 436 
Imperfect joints, 317 

Impression, retinal, corrected by sense of touch, 439 
Impulse, cardiac, 67 

nervous, rate of transmission of, 474 
vaso-constrictor, effect of perspiration on, 201 
Impulses, nervous conduction of, 69, 160, 297, 483, 
decussation of, 516 
require time for propagation, 472, 572 
Incisor (t)icido, I cut) teeth, 229, 566 
Incus (an anvil), 379 
Inflammation, 80 
Inhibition of heart-beat, 75 

Innervation, 447 ' 

Innominatum (nameless) bone, 16 
Inorganic com^unds in foods, 223 
Insertion of a muscle, 303 
Inspiration (in, spiro, I breathe) 

heart’s action helped by, 167 
mechanism of, 139, 150*, 330 
rate of, per minute, 144, 570 
Integument (in, upon ; iego, I cover), double, 12, 535 
Intelligence destroyed by removal of cerebral hemispheres, 519 
Inter-articular cartilages, 817 
Intercellular substance of cartilage, 543 
Intercostal (inter, between ; costa, a rib) muscles, 140, 144 
nerves, 158 
Interlobular vein, 211 

Intestines, aU food-stuffs dissolved in, 225, 260, 263 
arrangement and structure of, 217 
coats of, 252 
glands of, 225, 226 
small and large, 247 
Intralobular vein, 209, 212 

Inverted position of retinal image, no obstacle to upright vision, 439 
Iris (a rainbow) described, 397 
muscular fibres of, 301 
Irritation of cut end of sympathetic, 07, 490 
motor nerves, 468 
pneumogastric, 490 
trunk of spinal nerve, 467 
iipixjr dorsal region of cord, 489 
Ischium (lax^ov, the hip), 16 


Jaw, lower and upper, 229 

development of teeth in, 563 
jejunum, 249 

Jerks, blood issues from cut artery by, 58, 79 
obviated by elasticity of tubes, 61 
Joints, of the body, SI6 

ball and socket, 318 
exemplifying lever action, 314 
hinge, 818 
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Joiiite, right knee, 810 

perfect and imperfect, 817 
pivot, 819 • 

Judgment combined with sensations, 433 
delusions of the, 485-489 
visual Images interpreted by the, 443, 445 
Jugular vein, 43, 87 
Juice, gastric, 244, 245, 260 
^ intestinal, 260 
pancreatic, 257 
Jumping 327 


Kidneys, amount of excretion from, 267, 268, 571 
described, 175 

excretory functions of, 23, 177, 185, 187 
minute structure of, 177 
V*o8ition of,#» 
tubules of, 178 
artei^’ of, 182 
Knee, right, joint 4 >f, 316 
Krause’s membrane, 292 


Labyrinth (Aa/Svpct'(9o<, a ^;ia 2 e)of ear, membranous, 365, 867, 886 

osseous, 867, 376 

Lachrymal {lachhjma^ a tear) duct and sac, 411, 412 
gland, 411 

IjacteaJ (^ic, milk) radicles and vessels, 254 

absorption of fat by, 262 

I^acteals, 86, 119, 254 
Ijactic acid, 173 
I^actose in hKxi, 276 
Lacunae of bones, 308 
lamella) of cerebellum, 505 
Ijamina spiralis (spiral plate) of ear, 372 
Laryngeal nerve, suijerior, 161 
Larynx (Xdpvyi, throat), mechanism of, 129, 327 
artificial, 880 
voice produced by, 327 
Lateral ligaments, 828 
Layers of the retina, 414 
Ijcather made from the derma, 12 
Ijciis (a lentil seed), adjustment of, 404 
crystajlino, 894, 400 
Lenses, concave and convex, 441 
Lcucin, urea secreted from, 189, 258 
Leucocytes in lymphatic glands, 90, 118,254 
Levator (kvo, I raise), 41 1 
Levatores costarura, 142 

Levers (/t’vo, I raise), lK)ncs considered as, 14, 803, 312, 313 
liioborklUm, glands of, 253 
Life and Death, 26, 

Iiigaments (/if/o, I bind), 318, 323 
ciliary, 297 

• forming pulleys, 824, 410 
lateral, 823 
round, 82^ 
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Ligaments, suspensory, of lens, 396 
vocal, 328 

Ligaraentum nuchse, 553 
Light, sensation of, 421, 423, 424 
Limbs, 8, 18 

ascending and descending, of kidney, ISO 
outer and inner, of rods and cones, 420 
Lime, salts of, in bone, 14, 307, 560 
Lime-water, how changed by breathing through, 5 
Liquids, behaviour of gases and, 134 
Liquor pancreaticua, 257 i 
Liver, blood supply to the, 212 
described, 207 
formation of urea hy, 189 
glycogen stored in the, 213, 215 
position of, 9 

secretion of bile by the, 213, 260 
vessels of the, 40 
work of the, 213 
Lobes of the brain, 500 
of liver, 209 
of lungs, 133 
Lobules of the liver, 209 
of the lungs, 133 
Local death unceasing, 20 

Locomotion (locua, a phice ; moveOi I move), how effected, 26 
mechanics of, 326 
Long sight, 408 
Loop of Henle, 180 
Losses of the blood, 170-175, 206 
body, 568 

liuminous impression on eye, duration of, 422 
Lungs, ab8or|)tion of oxygen by, 24, 127, 162, 173, 570 
elasticity of, 137, 165 
as excretory organs, 23, 151, 170, 267, 268 
position of, 9, 136, 137, 143 
result of respiratory changes on, 153 
structure of, 135 
veins and arteries of, 38 
Lymph {lympha, water), 83, 93, 117 
-channel, 91 
“hearts, 92 
-corpuscles, ITS 
modes of formation of, 120 
movement of, 91 
-sinus, 91 
-spaces, 88 

Lymphatic glands, 89, 90 

origin and structure, 86 
spaces, 88 
system, 83, 84, 218 
vessels, 85, 89 

Lymphoid connective tissue, 90, 264, 554 


Macula acustica (acoustic spot), 307 

lutea (yellow) of retina, 412, 418 
Madder, exp^rina^nt with, s^s to growth of bone, 811 
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Mageiuiie, furaineii of, 00r> 

MalleuH (a hammer), 87^), 379 
MiUpighian capsule, 178, 1B»> 
corpuscleg, 218 
layer, 192 
Malpighi! rete* .035 
Maltose, 240, 258 

Mammlil, embryonic growth of, 532 
Mafjiifactiire of bile-acids in liver, 213, 214 

. of some constituents of urine in kidney, 177, 187 
of glycogen by hepatic cells, 210 
Marrow in bones, 303, 300 

formation of, 501 

red, formation of blood corpuscles by, 104 
Mastication, 227, 233 
Matrix, 543 
'* Matter,” 80 
Matter, its changes, W 

solid, lost by perspiration, 199, 571 

passed from alimentary canal, 222 
• kidneys and skin, 571 

Maxillary {maxilla^ jaw-bone) bones, 300 
M cjisnrements, histological, 539 
M<.*at as food, 224, 272, 275, 569 
•‘boiled to rags,” ‘28ff 
Meatus (meo, I i^s) of car, 378 
Median posterior tract of spinal cord, 485 
Mi'dulla of lymiihatic glands, 90 
of kidney, 178 

Medulla oblongata (oblong marrow), 447, 450 

aiTangement of grey and white matter in, 294 

decussation of impulses in, 516 

effect of venous blood on, 103 

injury to, result t)f, 28, 514, 510 

nervous centre for respiration in, 150, 614 

for vaso-motor iieiwes, 09, 480, 514 
.structure of, 493 
Medullary cavity of bones, 300 
matter of liairs, 197 
rays, of cerebral cortex, 510 
substance of the kidney, 178 
Medullated nerve fibres, 404 

nerves, the minute structure of, 454 
MeilKimian gland.s, 410 
Membrane, Arachnoid, 448 
Krause’s, 292 
• limiting, of eye, 414 
mucous, 12, 183 
permeability of, 192, 246 
of Reissner, 374 
“ serous,” 42 ^ 
synovial, 17, 317 
vascular, 448 

* vibration of, 880 

Membranes of the brain, 448, 504 
Membranous labyrinth of ear, 365, 867, 880 
Mesentery (/aeVo?, middle ; ci/tepov, intestine), 251 

Q Q 
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Metabolism, 1881, 276 

Metacarpal (/Acra, beyond ; jcapTros, the wrist) lx)ne of thumb, SIP 
Micturition, 482 

Migration of blood -corpuscles, 82, 103 
Migratory cells. 57)2 
Milk, as food, 272, 275, 560 
-sugar, 224, 276 
teeth, 506 

Mind not the sole governor of muscle, 20 

Minerals as food, 224, 568 

Molar (imlo, 1 grind) teeth, 229, 566 

Molecular {niolecufa, dim. of molts, a mass) change in cerebral substance, 

520 


in stimulated nerves, 
839, 364 


layer of cerebellum, 506 

of cerebral cortex, 510 
inner and outer, of the retina, 414 
vibrations, 383 
Monro, foramen of, 499 

Mortification (mors, death ; /a<*<o, I make), 27 
Motion in living body incessant, 1, 284 
Motor areas, 525 

fibres, 287, 297 
end-organ, 458 
nerves, 287, 338, 468 

composition of, 456 
plates, 458 

Motores oculi nerves, 511 
Mouth, 10, 130, 227 

epithelial scales from interior of, 537 
Movements, amoeboid, 102, 284, 552 
ciliary, 284 
of joints, 303 

Mucin, 134 1 

in saliva, 240 
in bile, 259 ■ 

Mucor, 547 

Mucous membrane, 12 

epithelium of, 540 
of alimentary canal, 540 
olfactory, 361 
of trachea, 133 
glands, 237 

Mucus, 12, 134 
Murmurs, respiratory, 99 

Muscle (musculus, a little mouse), contractility of, 13, 21 , 38, 50, 7fl, 285, 
296, 338, 467 

the chemistry of, 294 ct seq, 
corpuscles, 293 
-fibres, 459 

-nerve preparation, 297, 298 
-plasma, 294 
-serum, 294 
striated, 44, 287, 294 
tetanic contractions of, 229 
unstriated, 32, 286, 897 
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Mvisole, waste in contraction of, 149 
weight of, 267 

Muscles, various kinds of, 30*^< fseq. 

attached to definite levers, 301 
carbonic acid secreted by, 141 
composition of, I7l, 300 
death of, 27 

changes caused by, 290 
, elasticity of, 299 
hollow, 800 

‘ insertion and origin of, 303 
oxidation of, 173, 241 
Muscles, arytenoid, 831 
biceps, 13, 303 
ciliary, 397, 407 
crico-arytenoid, 331 
crico-thyroid, 329, 331 
cricoid, 328 • 
digastric, 304, 305 
facial, 511 

intercostal, external and inter|«d, 140, 144 
obliquc,*of the eye, inferior, 409, 410 

superior, 304, 409, 410, 511 

orbicularis, 410 
IMipillary, 46, 54 
pharyngeal, 512^ 
rect«ifl*of abdomen, 814 

of eye, external and internal, 409, 410, 511 
suiKjrior and inferior, 409, 511 
of leg, 314 1 
stapedius, 881, 392 
tensor tympani, 381, 892 
superior oblique, 511 
thjTO-arytonoid, 831 
triceps, 803 
tympanic, 392 

Muscular coat of arteries, 32 

fibre, breadth of, 572 
fibres of the heart, 44, 301 
of striated muscle, 287 
of iris, 301, 397 
heat, 202 
sense, the, 352 
tissue, development of, 293 
Mu8culariE»muco88e, 264 
Musical sounds, how produced, 386 

notes, varying with the tension of vocal chords, 882 
Myelin, 456 

Myosin (/avs, a mouse), 224, 294 

coagulation of, in ri^/or mortis, 295 

Naii- 9, growth of, lv»4, 196 
non- vascular, 81 

Nares (nostrils), anterior and posterior, 358 
Nasal (nasua, nose) bones, 859 

cavities, ciliated cells in, 285 
Natural Magic, quoted from, 486 
“ Near sight,” 408 


Q Q 2 
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Neck of Tooth, 230 
Nerves, accelerator, T3 

afferent or sensory, 338, 407 
arterial, 34 

auditory, 304, 309, 389, 490, 512, 51 S 
cardiac, 72 
chorda tympani, 239 
cochlear, SSO, 388, 518 
cninial, 495, 510 ^ 

effect of irritation on, 421, 4<»7, 479 
efferent or motor, 338, 45 r>, 408 
electrical properties of, 473 
facial, 511 

glosso-pharyiigeal, 350, 490, 512 

g^istatory, 354, 511 

of the heart, 72 

hypo^^lossal , 49<» 

intercostal, 158 

laryng-eal, 161 

medullated, the minute strizcturc of, 454 

motor, 287, 338, 456, 408 

motores ocuU, 511 

oculo*raotor, 402 

olfactory, 357, 301, 49t5, 510 

optic, 414, 419, 510, 513 

phrenic, 158 

pneumojj'astHc, or va^cus, 73, 490, 400, 512 
posterior and anterior r<.>ot8 of, 451 
renal, 180 
sciatic, 297 
sensory, 408 

of special sensations, end-organs of, 380 
spinal, 449, 404, 488, 4<*0 
spinal accessory, 490), 512 
splanchnic, 71 
sweat, 199, 201 
8ymt>athetic. 9, 67, 447, 490 
trig^eminal, 490, 511 
vaso-constrictor, 08 
vaso-dilator, 70 
secretory, 201 
vaso-motor, 05, 07, 205, 489 
vestibular, 380, 518 
Nerve-cells <*f cord, 459 

breadth of, 572 
in olfactory “ nerve,” 511 
in grey matter, 451, 453 
in nerve centres, 448 
of sympathetic ganglia, 400 
Nerve centre, spinal cord an independent, 481 
Nerve centres, composition of, 448 
function of, 21, 380 
Nerve-fibres, in blind 8p>ot of eye, 424 
diameter of, 455, 572 
in €5ar, 3£0 
medullated, 464 
nodes of, 455 
nucleated, 455 



INDEX 


597 


Nerve fibres, structure of, 448, 4,')4 

in tactile corpi^cles, 344 

white matter oAsord and brain composed of, 453 
Nerve roots, functions of, 407 
Nervous 5ii)j)ar{itU8, duplexity of, 447 

impulse, conduction of, 297, 4S3 

rate of tran.smission of, 474 

molecular change in nerve-fibres caused by, 330, 383, 421 
transmitted from brain by spinal cord, 481 
system, 447 

as co-ordinating organ, 20 
as controlling circulation, 33, 34, 0(} 
evaporation, 203 
glandular action, 104 
muscular action, 407 
respiration, 150, 105 

Ncuraxis, 450 

Neurilemma (revpor, a nerve ; Ae/ap-a, a peel or skin), 455, 401 
continuous with sarcoleinma, 450 
Neur« glia, the, 4(H) 

Nitrogen (laVpoi^! pot^ish ; yerrato, I produce) not absorbed by lungs, 150, 
152 207 

.daily wiiste of, 200, 271 
in proteid f(K>ds, 108, 188, 223 
stai'vati(»n frofti lack of, 273 
in urea, 184 
in bl(HKi, 124 

Nitrogenous equilibrium, 270 
foods, 223 

Nodes of nerve-fihres, 455 
Noises, 380 

i-medullated norve-fibres, 3()1 
-nitrogcniMis foods, 223, 224 
i-vascular tissues, 31 
-sc, 130, 357 

clear layer, of cerebellum, 500 
Icatod cells, b<»ne-foniiing, 558 
in capillaries, 31 
in cartilage, 542 

of epidermis and ciuthclium, 538, 540 
in lacuna’ of bone, 310 
all tissues ])rimitively composed of, 293, 531 
Nucleolus of nerve cell, 4(>4 
• ovum, 532 

Nucleus (a kernel) in white corpuscles, 95 

division of, in growth of ovum, 532, 533 
in cells of capillary walls, 31 
in nerve-fibres, 455 
in unstriped muscular fibre-cells, 44 
Nutrition effected by circulation of blood, 23 

connection of thyroid gland with, 220 
food and, 20(5 et nrq. 
some statistics of, 207 
Nutritive foramen of bone. 300 


OHr.iQUK muscles of the eye, 304, 409, 410, 511 
( k<’ipital lol>c, 500, 524 
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Oculo-motor nerve, 402 
Ocular spectra, 436 

Odontoid (^ov;, oiorro?, a tooth ; cI3o7, foim) process, 320 
Odontoplasts (Mov?, a tooth ; irXatrtrw, I form), 564 
QiJsopha^s (olcrw, obsolete=i^<pa», I bear ; <i>aytiv^ to eat), 10, 130, 228, 234 
Olecranon (wAc'n^, the elbow ; icftavo^, a helmet), 818 
Olfactory {plfaucio, I smell) lobes, 360 
epithelium, 861, 862 
membrane, 361 
nerves, 496, 510 

prolongations of cerebral hemispheres, 510, 513 
Optic chiasma, 513, 514 
nerve, 412, 496, 510 

not directly excited by light, 419 
a prolongation of third ventricle of brain, 513 
ramifications of, 414 
tlialami, 502 
tracts, 513 

( Iptical delusions, 437, 43S 

( )ra sen-ata (serrated border), 398 

Orbicular (orbicuttis, a small round ball) bone, 379 note 

( Irbicularis muscle, 410 

Orbit of the eye, 393 

Organ of Corti, 373, 874, 386, 389 

( Irganic compounds in foods, 223 

Organules of special sense, 343, 459 

Orig^in of a muscle, 303 

Osmosis impulsion), 246 

of peptones, &c., into the villi, 249 
Ossa innominata, 16 
Osseous labyrinth of ear, 3<)7 
tissues, 305 

origin of, 557 

< issicles (omcula, a little bone), auditory, 879, 883 
( issification, centres of, 557 

< Isteoplasts (oorcov, a l^ne ; ir\dir<ru», I fonu), 55(» 
i Itoliths (ovy, wto?, an ear ; Atdoc, a stone), 370 

“ Outness,” sense of, accompanying sense of smell. 433 
Oven, heated, conditions of safely remaining in, 206* 

Overtones, their nature, 387 
Ovum, mammalian, described, 532 
Oxidation, change to arterial bloo<i caused by, 125, 12r. 
of proteid matter, 223 
in tissues, the source of energy, 7, 222, 280 

of heat, 24, 172, 202, 222 

Oxygen (o^w, acid ; yeupoat, I produce), absorption of, by the lungs, 24, 
127, 152, 154, 162, 173, 570 
amount of, consumed, 570 

blood corpuscles apparently flattene<l'by presence of, 100, 101, 126 
colour of art,erial blood caused by, 125, 126 
combination of, with bssmoglobin, 107, 126 
effect of privation of, 168 
excess of, in arterial blood, 124 
In excretions, 6 
in proteids, 108 

Pacinian coi-pusclos, 346, 347 
Pain, sensations of, 351 
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Palate, hard, 227 

soft, 227, 3f>8 

Palpitation caused by emotions, 73, 77 
Paleness, cause of sudden, 67 1 
Pancreas (irav, all ; itpea?, flesh), 9, 256 
glands of, 225 
position of, 247 

Pancreatic juice, 2421, 260, 564 
P-iiI)ilia, circumvallate, 856 
, dental, 257 
of dermis, l‘>0 
of hair, 195-197 
Papilhe, tactile, 344 

of tongue, 854 
Papillary epithelium, 564 
muscles, 46, 54 
Paraglobulin, 224, 114 

Paralysis (wapo, b^ide ; Avw, I loosen), a result of division of spinal 

cord, 472 

injurj’ to brain, 516 

Parietal lol>e, 5^, 524 
Parieto-oocipital fissure, 528 

Parotid (rrapu, beside ; ov?, wrb?, the car) gland, 235, 237 
Patella (a dish or plate), 16, 315 
Peduncle, inferior, 486,^01 
middle, 501 
superior, 487, 501 
Pelvis (a basin), 16, 17, 317 
of the kidney, 177 
Penicillium, 547 

Pepsin (Wtttw, I digest), 242 1, 245 
Peptone, 245, 246 

action of, in intestines, 265 
how formed, 262 
.V solubility of, 245 
Perfect joints, 817 
Pericardial fluid, 42 

Pericardium (fl-epl, alx>ut ; tcapSia, the heart), 42 
contents of, 113 

l*erichondrium (irepl, alxiut ; xo*'5po5» cartilage), 542 
Perilymph (irepl, about ; hpupM, water), ear-sac surrounded by, 364 
Perimysium (irepl, about ; /xv 5 , a muscle), consists of connective tissue, 287 
continuous with perineurium, 456 
Perineurium (irepl, alxiut ; v^vpov, a nerve), 455 

contin\iou8 with pia mater of cord, 450 
Periosteal bone, 560 

Periosteum (irepl, about ; bo-Te'oj^, a bone), 305 

development of, from perichondrium, 558 
Peripheral resistance, 56, 59 
Peristeltic action, 234, 252 

Peritoneum (irepl, about ; reiW, I stretch) described, 176 
intestines and stomach enveloped in, 247, 252 
liver surrounded by, 208 
Permeability of membrane, 192, 246 
Peripectivc, aerial and solid, 441 

Perspiration {per, through ; npiro, I breathe) affected by emotion, 198 
amount of matter lost by, 199, 571 
sensible and insensible, 198 
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Pes of the crus cerebri, 528 
Petrosal (Trcrpa, a rock) bone, 3r)3 
Peyer’s patches, 254 

Phalanges (<f>d\av$, a rank of soldiers), 18 
Pharyngeal muscles, 512 
Pharynx ((^)dpui/f, the throat), 10, 129, 234 
Phosphene light : ^aivta, I display), 424 
Phosphorus present in human body, 5(;8 
Phrenic i<i>pr)v, the diaphragm) nerves, 158 
Physiology, human, defined, 4 

ultimate analysis of, 530, 531 
Pia mater, 448, 460 

Pigment (plgnientum^ paint) cells of choroid, 300, 410 
of web of frog, 78, 81 

Pillars of the diaphragm, 143 
of the fauces, 227 
Pineal body, 292 
gland, 499 

Pituitary (pitidia, phlegm or mucus) bod^’, 292, 295 
Pivot joint, 319 

Plasma (vXdcrfxa, workmanship) of the blood, 94- ‘98, 107 * 
solids in, 108, 114 
Platelets, blood-, 82, 104 
“ Playing at sight,” 522 
Pleura (irXevpa, a rib or side), 135 

Plexuses of the sympathetic system, 490 » 

Pn'.,urniiga''tri«‘ (rrvtvfiui , lung; yaerr^p. the stomach) nerves, 73, 190 
heart’s arrested by means of, 4!>0 

Poisoning by carbonic acid, l»i3, 104 

by sulphuretted liydrogen and carlionie oxide, 1(4 
Polymorphous layer <»f cerebral cortex, 510 
Pons Varolii, 495, 49(j, 501 

Portal (i>orta, agate), circulation, 40, 210, 211, 217, 247 

passage of pepb)nes into the, 205 

Portio dura of brain, 400 

mollis of “7th pair ” of nerves, 4<>7 
Position, erect, how maintained, 17 
Posterior cornu, 452 

nerve roots, sensory in function, 407 
root, ganglion of the, 451 
Postero-median tract of spinal cord, 485 
Potatotis, 509 

as food, 272, 50.9 

Pressure, atmospheric, 1-54 ^ 

on heart, diminished during inspiration f 159 
e(pialiscd in ear, 3*92 
imrtial,’ of gases, 134 
sensations of, 348 
“ Pressure spots,” 349 
“ Primitive sheath ” of nerve- fibres, 45(j 
Pronation ( p-ronus, face downwards) of limbs, 822 

Proteid (npiaTo^, first ; et3ov, shape) material, acted on by jiancreatic fluid, 

244, 245 

blood corpuscles formed of, 
07, 103 « 

corajiosition of, 108 
dissolved by gastric juice, 
244, 245 
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Protuid (TrpwTo?, first ; «l6o?j shape) material, as food,(>, 222-224, 272, 569 

given up to the tissues from 
the blood, 170, 271 
of plasma, 107 
nitrogen in, 188, 223 
reactions of, 108 

ProtoplavSin, cohturless corpuscles formed of, 100, 101, 531 
of ovum, 532 

Psychical (ij/vxv, the 8i)irit) phenomena, coimectioii inconceivable between 
molecular changes and, 521 
Ptjalin (rrrvw, 1 spit ; oAit'o?, salted), properties of, 240, 245 
Piihis, it) 

Pulleys, ligamentous, 324, 410 
Pulmonary (pulmo, lung) capillaries, 127 
veins, 35, 38, 41 

Pulp cavity of tooth, 230 
Pulse, the, 60 & 

lost in capillaries, 01 
venous, 167 
waves, 61 

Punctuui lachryiflale (lachrymal point), 411 
Pupil, 397 

co^titrictioii and dilation of, 402, 403 
Purkinjd, (jells of, 506 
Purkinjti’s figures, how Ifroduced, 425 
Pus, 80 • 

Pylorus (jrvAwpo?, a gjitc-keeper), 242 
Pyramids, anterior, of medulla oblongahi, 516 
decussation of, 515 

Pyramidal layer of cerebral cortex, 510 

tract, its connection with the cerebral cortex, 528 
crossed, of spinal cord, 487, 515 


QrADRiOKMiw, corpora, 513 

Rabbit, experiinciit on car of, to 
Racemose (rdCfnnuif, a bunch of gi-aiies) glands, 227 
Radial artery, GO 
Radicles, lacteal, 254, 

Raditis (a ray or siHjke of a wheel), 303 
articulation of, 322 

Recti (straight) muscles of the eye, 409, 410 

• * nerve supply to, 510 

Rectum (intestinuin rectum), 251, 511 
Rcctijs muscle of abdomen, 314 
of leg, 314 I 
Reccptticlo of the chyle, S6 
Red coii)Uscles, 94, 96 

action of oxygen on, 100, 101, 120 
jKissibly broken up in spleen, 219 
of spleen, 217 
siaie of, 95, 9t), 572 
structure of, 96, 98, 104 
Reflet action, paths of, 339, 340 
of the brain, 521 
of the cord, 479, 519 
in coughing, 157 
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Reisaner, membrane of, 374 
Renal (7’en, a kidney) artery, 176-180 
constant of, 571 
nerve, 186 

Rennet, 246 
Rennin, 245 

Reproduction of tissue, 27, 556 
Residual air, 148, 570 
pouch, 563 

Resistance to effort, sense of, 353 
Respiration, 193 

constant of, 570 
costal, 139 

cubic feet of air needed for, 169, 571 

diaphra^finitic, 139 

effect of, on circulation, 161 

essential of, 193 

internal, of the tissues, 128 

mechanism of, 135, 142, 148, 156, 159, 814 

nervous apparatus of, 156, 165 

rate of, per minute, 148, 152, 570 

waste in, 151, 267 

Respiratory centre in me<iulla oblon^ta, 15ri, 158 

influence of blood supply on, 161 
changes, 153 • 

organs, 24 

Restlessness, sensation of, 341 
Rete (a net), Malpighii, 535 
Retiform connective tissue, 00, 554 
Retina (refe, a net) described, 304, 415 
blood vessels of, 425 
cells of, 414 et 

distin^ished from fibres of the optic nerve, 424 
formation of the image on the, 403 
inverted image, 439 
its sensibility soon exhausted, 421 
nervous structure of, 416 
pigmented epithelium of, 410 
Retinal impressions corrected by sense of touch, 439 
Rythmical (pv0MO9y measured motion) imlsatiou of heart, 23, 50, 51, 78 
Ribs, 14, 139, 142, 307 
Jiif/or mortis (stiffness of death), 295 
R<xi bipolar cell, 417 

Rod-shaped cells of olfactory nerves, 361 
Hods and cones, layer of, 401, 415 
functions of, 424 
Rods of Corti, 374, 388 
Rolando, flsstire of, 500, 528 

Roots of spiiml nerves, anterior and po.itcrior, 461 

fiotation of joints, 324 

Rouleaux, r^ corpuscles collect in, 96 

Round ligments, 323 

Running, how effected, 327 


.Sacculus (a little Ijag) hemisnhericus, 367 

Sa(inim, os (the 8a<;red Ikuic, l>ecait8C offered in sacrifice), 14 

Haliiic matters, clotting retarded by, 112 
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Saline matters, excretion of, 0, 23, 171, 184 
in food, 224 _ 

Saliva, ac^tion of, 240, 201 

nervous centre for secretion of, 238, 012 
secretion of, 233, 235, 238 
Salivary glands, 178, 225, 230 
Salts excretifui by the kidneys, 207, 271, 277 
in food, 223 224, 270 
neutral, action on blood, 112, 114 
in saliva, 240 

Saponification by pancreatic juice, 258 
Sarcohictic acid, 205, 200 

Sarcole^ma (<rap^, flesh ; Xe/ip-o, a bark or skin), 292 

Saturation in light, 420 

Scala (a ladder) of the cochlea, 371, 373 

Scaleni, 142 

Sfiales of epidermis #cmtiuually shed, 530 
Scapula, 10 

“Schwann, sheath of,” 450 

white substance of, 450 
Sciatic nerve, 297 
Sclerotic (a-KXrjpbi, haixl), 394 
Scurf, lui^ire of, 530 
Sebaceou8*(j?t5i<</<, suet) glands, 196-198 
Secondary digestion, 21# 

Secretory nerves, 201 
Semicircular canals of ear, 360, 518 
Semilunar valves, 47, 58 
Sensations, 338-340, 447 
auditorj^ 380 
composite, 433 
diffuse, 341 
of light, 421, 423, 424 
of imin, 851 
simple, 432 
subjective, 341, 435 
tactile, 351 
Sense of hearing, 803 
muscular, 852 
of sight, 898 
of smell, 357 
of taste, 841 , 354 
of touch, 344, 351 
of warmth, 349 
Seiise-orgims, 21 , 342 

^ essential and accessory parts of, 348, 8S>3 

Sense-organules described, 343, 459 
of taste, 356 
of k>uch, 848 
Senses, the special, 841 
Sensorium auditory, 386 
visual, 421 
Sensory areas, 525 

^ decussation, 515 

or afferent nerves, 338, 407 

collected into the iH)8torior roots, 46r>, 466 
indistinguishable from motor, 290 
Septum (a partition ; sepioy I fonce in) of the nose, 857 
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Saptum. of the cochlea, 372 
ISeptum lucidum, 4l>9 

Serous cavities, peculiar epithelium lining, 540 
fluid, 135 1 
membranes, 42 
Serum-albumin, 109, 114 

(whey, buttermilk), 111, 114, 117 
Sex, mechanism of respiration varies according to, 146 
voice varies according to, 333 
Shadows, judgment of form by, 442 
Shaft of l>ones acting as levers, 302 
ossification of, 557 
“ Sheath of Schwann,” 456 
Sheep, heart of, examined, 3(>, 46, 48 
Shoulder joint, 318 
Sighing, 146 

Sight, long, near, and old, 408 
sensation of, 341, 342, 393 
Single vision with two eyes, 410, 444 
Skeleton (ctkcAAo), 1 am dried up), 14 
weight of, 567, 267 

Skin, blood not rendered venous in the, 156 
a double integument, 12, 535 
an excretory organ, 23, 571, 268 
kidneys affected by state of the, 1S7 
a source of loss to the blood, 189 
structure of, 191 
weight of, 267, 567 
Skull, 8 

formation of bones of, 560 
number of bones of, 10 
Smell, organ of, 341, 357 
“Sniffing,” 146, 357 

air drawn into olfactory chamber by, 362 
Sneezing, 146 
Sodium ill bile, 214 
Solids of the body, 568 
Solidity, visual judgment of, 445 
Solitary follicles, 254 
glands, 254 

Sound, conversion of sonorous vibrations into sensations of, 385 
localisation of, 3tK) 
perception ot, 3()4 

waves, transmission of, to inner ear, 382 
Sounds, cardiac, 57 

musical, 332, 386 
Special senses, the, 341 et aetj. 

Spectacles, the use of, 407 
Spectra, auditory, 436 
ocular, 436 

Speech, mechanism of, 334 

Sphincter (<r<f>Cyy<o, I throttle or bind) muscle of bladder, 177 
fibres of eye, 402, 403 
of rectum, 164 

Spinal accessory nerves, 488, 496, 512 

bulb (medulla oblongata), 28, 6(), 417, 493 
functions of, 514 
cord, described, 9, 448, 460 
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Spinal cord, acts as independent nervons centre, 21, 481 
effect of galvanism oD; 21, 4(>7 

fissures of, 448 % • 

j^rey matter of, 451, 453 

paths of condiiction of afferent and efferent impulses, 483, 48 j 
l)ropertie8 and functions of, 478 
reflex action through, 471> 
result of injury to, 20, 4r)8, 472 
transmission of nervous impulses by, 481 
white matter of, 451, 453, 484 
vaso-motor centres in, 48t» 
ganglia, 4(>0 

nerves, 450, 451, 405, 488 
Spknehnie nerve, abdominal, 71 
Spleen, 0 

its functions, 217 
corpuscles of the, 218 
-pulp, 217 • 

Splenic artery and vein, 217 
Spongy bones of nose, 300 
Spot, blind, of eye* 422 

germinal, of ovxirn, 532 
yellow, of eye, 41H 

Squinting, %)uble vision a result of, 444 
Stapes (a stinnip), 370 _ 

its attaclunents, 384 
Stapedius muscle, 381 

possible use of, 302 
Starch, action of ptyalin on, 240, 258 
as food, 224 

converted into sugar in alimentary canal, 215 
by pancreiitic juice, 201 
by ptyalin, 240, 245 

Starting at noise, a cerebral reflex action, 521 
Stereoscopic ((rrepeb?, solid ; (TKondot, 1 view), 445 
Sterno-costal cartilages, 541 

embryonic growth of, 545 
Sternum {a-rtpvov, the breast), 10, 135-138, 147, 314 
Stiffening of muscle after death, 205 
Stimulation of nerves, 72, 74, 230 

of cerebral hemispiheres, 525 
of muscles, see Muscles, contractility of 

tetanic contraction of 

Stimulus, 14, 330 

Stoke’s ageiTt, action on blood, 125 
Stomach (o-Tog-a, a mouth), 242 
^ walls of, 225, 242 

Stratum corneum and inneosura of epidermis, 535, 530 
Striped muscular fibre, 287 

in heart, 44, 301 

Stroma, 97, 98 
Sub-arachnoid space, 448 
Sub-dural space, 448 
Sublingual gland, 235 
Submsyj^Uary gland, 235, 230 
Substantia gelatinosa, 401 
Succus entericus, 260 

Suction pump, respiratory machinery regarded as, 157 
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Sugar, action of, in intestines, 265 

in blood increased by injury to the medulla oblongata, Sli 
0 conversion of glycogen into, 215 ^ , 

its fattening property, 277 
as food, 224, 261 

formed from action of ptyalin on starch 240, 258 
starch converted into, 246 
Sulci of brain, 504, 523 
Sulphur in proteids, 108 

SulphurettM hydrogen, mode of action as poison, 164 
Supination (supiniw, lying on the back) of limbs, 822 
SupplementSal air, 148, 149, 570 
Supra-renal bodies, 220 
Swallowing, 227, 233, 234 

nervous centre for, 512 
Sweat, composition and quantity of, 198 
glands, 192, 190 

stimulated by warmth, 204 
secretion of, and its nervous control, 200 
" Sweet-bread,” 9 
Sylvius, aqueduct of, 498, 499 
fissures of, 500, 523 

Symmetry together ; fitrpov, a measure), bilateral, of body, 8 
Sympathetic together ; Trdtfos, feeling) nerve, blushing gr^ /enied 
66, 490 

system, 9, 447, 490, 491 

8ynoviax<n>i/, with ; wor, an egg), and synovial membrane, 17, 317 

Syntonin (orvi', together ; TeiVoi, I stretch), 295 

Systole (cru(rT€AAw, I draw together, contract), 51, 52, 57 


Tactile (tanpo, I touch) corpuscles, 190, 344, 845 
impressions, education of the eye by, 439 
sensations, 351 

Tangential rays of cerebral cortex, 510 
Taste, sense of, 841, 357, 358 
organ of, 354 
Taste-buds, 354, 356 

Taurocholic (Tai)#»o?, a bull ; bile), aci<l. 250 

Tears, secretion of, 412 
Teeth, 31, 227, 562 

development of, 563 
enamel of, 281, 563 

Temperature of blood, 25, 66, 105, 202 

of body, due to oxidation, 24, 172, 202, 222 

regulated bjr blc^ supply to skin, 66, 202, 20C 
effect of, on coagulation of blood, 112 
on vaso-raotor nerves, 205 
of expired air, 135 
of fever, 207 

sense of, relative rather than absolute, 349 
Temporal (temporay the temples) artery, 61 
bones, 377 
lobe, 520,^ 524 
Tendo Achillis, 553 
Tendons (tendo, I stretch), 287, 303 
weight of, 267 
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reiisor tympaui (stretcher of the drum) muscle, 381, 302 
Teres ligamentura (the round ligament), 819 
Totror, its effect on the vaso-m^tor system, 66 
Tetanic contraction of muscles, 299 
Thaumatrope (6ia0/uLa, a wonder ; rpoiro?, a turning), 443 
Thigh, 8, 302 
•Thoracic duct, 86 

viscera, weight of, 267 
ITiorax (9^6pa^, the chest) described, 135. ISJ; 

Organs within the, 8 
Thoughts, 341 
'I'hjTnus gland, 219 

Thyroid (Bvpehs, a shield) ; ct8oc, shape) body or gland, 220 
/ c^tilage, 828 
Thyroid-arj’-tenoid muscle, 331 
Tibia '<a pipe or flute), 3J4, 315 
ibial artery, 61 

icitliiig, paralysed lijlbs not insensible to, 21, 479 
»dal air, 148, 149, 570 

effect of change in, 162 
Tightness ” of the ear, 392 

‘i nc required for propagation of nervous impulse, 472, 572 
LHHXie, adenoid, retiform, or lymphoid, 00, 254, 554 
adip^e, 554, 555 
areolar, 86, 548 
cancclloiqi, 303 
Qirtilaginous, 541 

coi'.nective, conversion of OkkI into, 225 
examination of, 548 
epithelial, 534 
osseous, 805 
muscular, 293 
retiform, 554 
white fibrous, 553 
, yellow elastic, 553 
'sue-iorming food-stuffs, 278 
'■isues of the body, 530, 534 
combinations of, 534 
minute structure of, 530 
oxidation of, 280 
primitive, 531 
reproduction of, 27, 556 
, . respiration of, 128, 153 
various, 10, 534 
me, arterial, 68 
'ngue, 227 

. nerve supply to, 854, 356, 512 
speech possible after amputation of, 836 
^onsils, position of, 152, 227, 355 
ootb sac, 664 

To\Ml, retinal impressions corrected by, 439 
sense of, 344 

varying sensibility of different parts of the body to, 349 
• VabeciUse of lymphatic gland capsules, 89 
of spleen, 217 

Aach^r(arteria trachea ; rpayirs, rough : the rough artery), 129-133 
ciliated cells in the, 286 
'Vansfusion, 117 
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Transudation through capillaries, 31, 34, 123 
Trapezium (dim. of Tpame^a, a table), 319 
T^ceps muscle, 303, 325 

Tricuspid (ire«, three ; citspiSy i>oint of a weapon) valve, 45 
Trigeminal nerve, 496, 511 
Tripod of life,” 28 
Trochlear, 511 

7Vunk of spinal nerve, effect of irritation on, 467 
Trypsin, reactions of, 242 l, 257 
Tube, Eustachian, 229, 379, 392 
Tubules of kidney, 178, 179 
collecting, 180 
convoluted, 179, 180 
spiral, 79 
zigzag, 180 

Tuning fork, vibrations of, 387 

Turbinal {turbo, I whirl) bones, 228, 359, 360, 411 

Tympanic muscle, 381, 392 

Tympanum (rv/xTrai'ov, a drum) of ear, 373, 378 
Tyrosine, 258 

Ulna {oiXemn, the elbow), articulation of, 322 
Uncomfortableness, sense of, 341 
Unstriated muscular fibre, 286 

in alimentary canal, 301 
in bladder, 176 
in coat of arteries, 32 
in fibres of iris, 301, 395 
structure of, 280 

Urea i(aj^v, urine), excreted by kidneys, 6, 24, 171, 267 
chfbiistry of, 188, et seq. 
history of, 185, 188 
weight of, passed per diem, 571 
Ureters, 9, 176 
Urethra, 177 
Uric acid, 184 

Urine, average amount excreted daily, 184 
composition of, 183 

secretion of, influenced by state of skin, 186 
Utricle (a small bag) of ear, 305 
otoliths in, 370 

Uvula (dim. of ura, a grape), 227 

Vagus (wandering) or pneumogastric nerve, 73, 496 
stimulation of, 159 
Valve of Vieussens, 499 
Valves in arteries, 88, 85 

course of circulation governed by, 78, 166 
ileo-caecal, 249 
of heart, 45 
in lymphatics, 85 
in veins, 35, 36, 85, 166 
Valvula3 conniventes, 253 

Varnish, result of covering the skin with, 2(X) 

Varolii, pons, connection of, with cerebellum, 292 
grey matter in, 294 
Vascular membrane, 448 

system, SO, et seq. 




